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NUTRITION REVIEWS 


FEBRUARY 1955 No. 2 


NUTRITION AND STRESS 


Any factor that interferes with the diges- 
tion, absorption, or utilization of nutrients, 
or increases their destruction or excretion 
may result in malnutrition despite the ap- 
parent adequacy of the diet fed. Body re- 
quirements for essential nutrients may 
furthermore be significantly increased for 
purposes of detoxification or by factors such 
as physical exertion, fever, drugs, toxins, 
burns, fractures and other trauma, major 
surgical procedures, abnormal  environ- 
mental conditions and others. The net result 
of such factors is an increased body re- 
quirement beyond the usual or average 
range and the precipitation of nutritional 
deficiencies on diets that would otherwise 
be adequate. 

The increased nutritional 
may be specific for a single factor, for ex- 
ample, the increased requirement for glycine 
following administration of massive doses 
of benzoic acid or its sodium salt (W. H. 
Griffith, J. Biol. Chem. 85, 751 (1930)), the 
increased cystine requirement following 
administration of bromobenzene (J. A. 
Stekol, Ibid. 188, 225 (1941)), or the in- 
creased requirement for labile methyl 
groups in rats administered massive doses of 
niacin (P. Handler and W. J. Dann, /bid. 
146, 357 (1942)). For other stressor agents, 
however, requirements are increased for a 
number of nutrients, as in the case of hyper- 
thyroidism (V. A. Drill, Physiol. Rev. 23, 
855 (1943); B. H. Ershoff, Metabolism 2, 
175 (1953)), or prolonged exposure to low 
environmental temperatures (L.-P. Dugal 
and M. Thérien, Canad. J. Res., Section 
E25, 111 (1947); Ershoff, Proc. Soc. Exp. 
Biol. Med. 79, 559, 580 (1952); J. Nutrition 
49, 373 (1953)). It is erroneous to state that 
“stress”? per se nutritional re- 
quirements, for is not a specific, 


b ] 


unvarying and distinct entity. “Stress” is 


requirement 


increases 
“stress” 





a state of the organism, a resultant of those 
processes an organism employs in attempt- 
ing to maintain homeostasis under un- 
favorable alterations in the environment 
(including the internal milieu). Further- 
more, since life itself is a process in which 
the organism attempts to maintain itself in 
a changing environment, “‘stress’’ is inherent 
in life itself. The increased nutritional re- 
quirements following exposure to stressor 
agents result not as a 


’ 


“stress” per se but 


consequence of 
rather from the in- 
creased requirement for specific nutrients 
due to the physiologic effects of the particu- 
lar stressor agent involved. 

Considerable data are available indicating 
that diet per se and an animal’s nutritive 
state are intimately related to adaptation 
to stress. H. Selye (J. Clin. Endocrinol. 
6, 117 (1946)) has demonstrated that pro- 
longed exposure to a wide variety of stressor 
agents results in a stereotypical response on 
the part of the organism which he termed 
the ‘general adaptation syndrome”’ 
defined as ‘the sum of all 
systemic reactions of the body which ensue 


and 
nonspecific, 
upon long-continued exposure to stress.” 
The general adaptation syndrome, according 
to Selye, comprises three distinct stages: 
(1) the ‘‘alarm-reaction”’ in which adaptation 
has not yet been acquired, (2) the “stage of 
resistance’ in which adaptation is optimal, 
and (3) the “‘stage of exhaustion” in which 
the acquired adaptation is lost. Nutritional 
factors and the animal’s nutritive state have 
been suspected of affecting the course of the 
general adaptation syndrome in all three 
stages. 

It is well established that the pituitary- 
adrenal activated under 
ditions of stress and that the hypophysec- 


system is con- 


tomized or adrenalectomized animal has an 
impaired capacity to withstand exposure to 
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certain stressor agents. Resistance to various 
stressor agents may also be impaired as a 
result of nutritional deficiency (A. F. Mor- 
gan, Vilamins and Hormones 9, 161 (1951); 
B. H. Ershoff, Ibid. 10, 79 (1952)). These 
findings suggest that the impaired adapta- 
tion to stress of the nutritionally deficient 
animal might be due, at least in some cases, 
not to the deficiency per se but rather to an 
impaired production of pituitary and/or 
adrenocortical hormones which are required 
in increased amounts during conditions of 
stress. Considerable data are available to 
support this hypothesis. Thus Morgan and 
co-workers found that adrenal cortical 
extract restored the impaired gluconeo- 
genesis of riboflavin-deficient and panto- 
thenic acid-deficient rats to normal under 
conditions of anoxic anoxia (B. Reade 
and Morgan, Fed. Proc. 8, 392 (1949); 
L. S. Hurley and Morgan, J. Biol. Chem. 
195, 583 (1952)). Disturbances in the 
carbohydrate metabolism of pantothenic 
acid-deficient rats which could be corrected 
by the administration of cortisone acetate 
have also been reported (R. W. Winters, 
R. B. Schultz, and W. A. Krehl, Endocrin- 
ology 60, 388 (1952)). Adrenal cortical 
extracts were found to correct the reduced 
diuretic response to ingested water and the 
lowered resistance to water intoxication of 
riboflavin-deficient and pyridoxine-deficient 
rats (R. Gaunt, M. Liling, and C. W. 
Mushett, Jbid. 38, 127 (1946); R. B. Steb- 
bins, Am. J. Physiol. 166, 538 (1951)). 
ACTH secretion was found to be sig- 
nificantly reduced in the choline-deficient 
rat (P. Handler and F. Bernheim, Ibid. 
162, 375 (1950)). These findings are all in 
accord with the above hypothesis. It would 
appear to this reviewer, however, that al- 
though evidence of pituitary-adrenal dys- 
function has been reported in animals de- 
ficient in a number of nutrients and although 
therapeutic results have been demonstrated 
in such animals by the administration of 
pituitary and/or adrenocortical hormones, 
the case has not been established that 
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pituitary and adrenocortical function is 
actually impaired in the nutritionally de- 
ficient animal to the extent that such dys- 
function is actually responsible for an im- 
paired adaptation to stress. On the contrary, 
considerable data are available that point 
out the relative resistance of the pituitary- 
adrenal system to nutritional deprivations 
(Ershoff and F. D. Parrott, J. Clin. Nu- 
trition 1, 124 (1953); Ershoff, R. B. A. 
Slater, and J. G. Gaines, J. Nutrition 50, 
299 (1958)). 

The mechanisms whereby adaptation to 
stress is impaired in the nutritionally de- 
ficient animal remain obscure. In the final 
analysis adaptation occurs at the cellular 
level and must involve alterations in the 
enzymes present in the cells themselves. 
Adrenocortical hormones may facilitate this 
process either directly or through a “‘per- 
missive” role, but adaptation can occur even 
in the adrenalectomized animal (G. Sayers, 
Physiol. Rev. 30, 241 (1950)). 

The role of ascorbic acid in adaptation to 
stress requires clarification. Ascorbic acid is 
present in singularly high concentration in 
the adrenal cortex, and it is well established 
that the ascorbic acid content of the adrenals 
is significantly reduced after injections of 
ACTH or after animals are subjected to 
hemorrhage, burns and other forms of 
stress. Available data indicate that the 
corticosteroid content of the adrenals is 
markedly diminished in the scorbutic guinea 
pig and that many of the effects of ascorbic 
acid deficiency can be partially counteracted 
with cortical extract (A. Giroud, Presse 
méd. 48, 84) (1940)). More recently it has 
been demonstrated that cortisone and 
ACTH were similarly effective in counter- 
acting certain of the manifestations of 
scurvy (C. Schaffenburg, G. M. C. Masson, 
and A. C. Corcoran, Proc. Soc. Exp. Biol. 
Med. 74, 358 (1950); G. A. Hyman, C. 
Ragan, and J. C. Turner, Ibid. 75, 470 
(1950)). While these findings suggest that 
ascorbic acid is in some way involved in the 
production or secretion of cortical hormones, 
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the mechanism involved is not clear since 
adrenal glands depleted of ascorbic acid may 
still synthesize and secrete cortical hormones 
(C. N. H. Long, Recent Progress in Hormone 
Research 1, 99 (1945)). It is difficult to 
reconcile these findings with the concept that 
ascorbic acid constitutes a limiting factor in 
the synthesis or secretion of corticosteroids 
by the adrenal cortex. There is some evi- 
dence that large doses of ascorbic acid 
improve the utilization of cortical hormones 
and prolong their action by delaying their 
breakdown and excretion. 

In recent years considerable data have 
accumulated indicating that, in addition 
to the known nutrients, requirements for 
various unknown factors may also be in- 
creased following the administration of 
certain drugs. These factors are apparently 
dispensable under normal conditions, or 
their requirements are so small they may 
readily be met by amounts present in the 
diet or through the synthetic activity of the 
intestinal flora or the animal’s own tissues. 
Certain drugs or other stressor agents may, 
however, increase requirements for these 
substances to the extent that deficiencies 
occur. Whole liver is a potent source of such 
unknown nutrients. Thus as far back as 
1926 A. Sato (Tohoku J. Exp. Med. 8, 
232 (1926)) reported the presence of a 
“detoxicating hormone (yakriton)” in water- 
soluble extracts of liver. Whole liver, or 
fractions thereof, has been shown to counter- 
act. the deleterious effects of large doses of 
strychnine, sulfanilamide, promine, ata- 
brine, dinitrophenol and acetylsalicylic acid. 
Similar results have been observed following 
the administration of toxic doses of di- 
ethylstilbestrol, alpha-estradiol, desiccated 
thyroid, thyroxine, thyroglobulin, iodinated 
casein and cortisone acetate (B. H. Ershoff, 
Nutrition Symposium Series No. 3, p. 23, 
The National Vitamin Foundation, Inc., 
New York (1951); Vitamins and Hormones, 
loc. cit.). In the case of at least four of these 
drugs (thyroid, promine, atabrine and 
cortisone acetate), a protective factor is re- 
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tained in the water-insoluble fraction of 
liver which is apparently distinct from any 
of the known nutrients. This liver fraction 
was also found to prolong survival in rats 
administered multiple sublethal doses of x- 
irradiation. 

The mechanisms whereby the “antitoxic 
factor of liver” exerts its protective effect are 
unknown. It appears that this material in 
some manner enables the body to withstand 
the effects of a number of substances which, 
if present for prolonged periods of time in 
the organism, would otherwise be toxic, 
but the modus operandi remains obscure. 

The occurrence of unidentified nutrients 
essential for optimal adaptation under 
varying conditions of stress is not confined 
to liver. Such factors occur in a wide variety 
of natural foodstuffs. Thus in addition to 
liver, desiccated and defatted kidney, crude 
aureomycin mash, full fat soybean meal, 
dried penicillin mycelia and yeast were all 
found to be active in counteracting symp- 
toms of thyrotoxicity in the immature rat 
(Ershoff, Vitamins and Hormones, loc. cit.). 
Wheat germ was found to contain a factor 
apparently distinct from any of the known 
nutrients which markedly increased the 
resistance of mice on a synthetic diet to 
Salmonella infection (H. A. Schneider, Tr. 
Assn. Cereal Chem. 7, 4 (1949)). Alfalfa, 
yeast and grass juice were also potent 
sources of the active factor. Dehydrated 
grass was observed to counteract symptoms 
of glucoascorbic acid toxicity in the mouse 
(D. W. Woolley and L. O. Krampitz, J. 
Exp. Med. 78, 333 (1943)). Oven-dried 
alfalfa had similar activity. The protective 
factor in alfalfa was distinct from any of the 
known nutrients (Ershoff, Proc. Soc. Exp. 
Biol. Med. 87, 134 (1954)). 

An ideal diet which is optimally effective 
against all forms of ‘“‘stress’’ is not yet 
known. Diets which may confer marked 
protection against one type of stressor agent 
may actually augment the deleterious 
effects of another. Thus high fat diets have 
been shown to increase the toxicity of 
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2,4,6-trinitrotoluene (H. P. Himsworth and 
L. E. Glynn, Clin. Sci. 4, 421 (1939-1942)) 
but decrease the toxicity of cyanide (A. R. 
Meyer, Proc. Soc. Exp. Biol. Med. 41, 402 
(1939)). Fat augmented the acute toxicity 
but diminished the chronic toxicity of 
rotenone (A. M. Ambrose, F. DeEds, and 
A. J. Cox, J. Pharmacol. Exp. Therap. 78, 
90 (1943)). Such data clearly indicate that a 
diet which might be superior in protecting 
against one type of stressor agent might 
actually be inferior in protecting against 
another. 

What is an “‘ideal”’ diet? Can this question 
be answered without a clearly formulated 
philosophy as to what we wish to accomplish 
with our own life and that of future gener- 
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ations? Is the “ideal” diet one that promotes 
the most rapid growth, or longest survival, 
or greatest freedom from disease, or the 
greatest capacity to survive unfavorable 
environmental conditions, or exposure to 
radiation? Is the ‘‘ideal” diet one that best 
promotes fertility or mentaldevelopment and 
productivity or is most effective in maintain- 
ing physical exertion or emotional stability? 
We have no assurance that these objectives 
are compatible.On the contrary there is good 
evidence that at least some of them are not. 
BENJAMIN H. ERSHOFF 
Department of Biochemistry and 
Nutrition 
University of Southern California 
Los Angeles 


INDUCED PANTOTHENIC ACID DEFICIENCY IN MAN 


Although certain of the vitamins are 
present in limited amounts in foods or may 
be readily destroyed in the preparation of 
food, others are present in such quantities 
in common foods that specific deficiencies of 
these vitamins are not likely to occur in man. 
In order to study the importance of these 
latter vitamins in human metabolism it has 
been necessary to feed highly purified diets 
or to administer analogues of the vitamin 
which antagonize the action of the vita- 
min. In an earlier review the induction of 
pyridoxine deficiency by desoxypyridoxine 
administration in man was described by R. 
W. Vilter and his associates (see Nutrition 
Reviews 12, 10 (1954)). 

W. B. Bean and R. E. Hodges (Proc. 
Soc. Exp. Biol. Med. 86, 693 (1954)) have 
reported the effects of the administration of 
a pantothenic acid antagonist, omega- 
methyl pantothenic acid, to 4 human 
volunteers. These subjects were first ob- 
served during a control period of twelve days 
when they ingested a purified diet supple- 
mented with known essential vitamins in- 
cluding pantothenic acid. In addition to 
systematic clinical observations, tests were 
carried out of adrenal cortical activity, 


hepatic function, the ability to acetylate 
sulfonamides, and the level of cholesterol 
and its esters in the blood. During the base- 
line period on the purified diet there was no 
essential change in any of these functions. 

During the second period of the study 
pantothenic acid was eliminated from the 
diet and 0.5 g. of omega-methy] pantothenic 
acid was administered daily in the diet. 
No abnormalities were noted in the volun- 
teers during the first week of this diet, 
but soon thereafter postural hypotension, 
dizziness and rapid heart rate on exertion 
were observed. The men complained of easy 
fatigability, and they slept more during the 
day. Epigastric distress, anorexia and con- 
stipation occurred during the third week. 
Symptoms: progressed during the fourth 
week and the subjects became discontented, 
quarrelsome, irascible and easily upset. 
Numbness and tingling of the hands and 
feet appeared. This became more severe 
during the following week and a constant 
burning of the feet was present in one man. 
An abnormal gait occurred in another. At 
this time deep tendon reflexes were hyper- 
active and there was weakness of the ex- 
tensor muscles of the fingers and impaired 
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sense of balance. There seemed to be an 
increased incidence of respiratory infections 
during the period of study. 

Because of the severity of the symptoms 
pantothenic acid in large amounts, 4 g. 
daily, was added to the diet in the presence 
of the pantothenic acid antagonist. Al- 
though the paresthesias improved promptly, 
fatigue and malaise increased. Severe 
vomiting occurred in one patient while 
another became somnolent. Because of the 
alarming response of these subjects, the 
pantothenate antagonist was discontinued 
and the subjects were given a general diet 
supplemented with vitamins, including 
pantothenic acid. Cortisone was also ad- 
ministered because the clinical picture was 
interpreted as being partly due to adrenal 
cortical insufficiency. After the subjects had 
made a good clinical response to emergency 
therapy, they were again placed on the 
basic diet supplemented with vitamins for a 
final period of study. There was a dis- 
appearance of the symptoms noted during 
the deficiency period. 

The biochemical changes noted during 
the period of deficiency are of interest. 
Although in this initial short report the 
changes are not adequately documented it is 
stated that there was (1) an impaired ability 
to acetylate para-aminobenzoic acid; (2) 
a decline in the blood cholesterol and 
cholesterol esters; (3) impaired adrenal 
function as evidenced by a decreased eosin- 
openia following ACTH administration, an 
increased sensitivity to the hypoglycemic 
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action of insulin, and a decreased urinary 
excretion of 17-ketosteroids; (4) gastric 
hypochlorhydria. 

The changes suggestive of adrenal in- 
sufficiency are of particular interest in light 
of the findings of pantothenic acid de- 
ficiency in rats where gross alterations in the 
structure and presumably the function of the 
adrenal gland have been reported. The 
peripheral neuropathy observed in these 
human subjects is consistent with the 
peripheral neuropathy which M. M. Win- 
trobe and others (J. Nutrition 24, 345 
(1942)) observed in pantothenic acid-de- 
ficient swine. 

Tne fact that a completely favorable re- 
sponse was not obtained when pantothenic 
acid in large amounts was given, but only 
following a general diet supplemented with 
other vitamins and the administration of 
cortisone, makes one question whether a 
pure pantothenic acid deficiency has been 
produced. This view is strengthened by the 
fact that no deficiency syndrome could be 
produced by simple exclusion of panto- 
thenic acid from the diet. It seems probable 
that some of the untoward effects observed 
during the consumption of the experimental 
regimen might have been due to the toxicity 
of the omega-methyl pantothenic acid per se 
rather than to the pantothenic acid de- 
ficiency induced by it. 

This study of nutritional deficiency in 
man represents a significant contribution 
to our knowledge of human nutrition. 


ASSESSMENT, ETIOLOGY AND EFFECTS OF OBESITY 


Surveying the available evidence, not all 
of which is equally firmly established, L. 
Breslow (Am. J. Pub. Health 42, 1116 
(1952)) arrived at the following conclusions: 
(1) America’s health, as measured by the 
mortality of white males in the productive 
years of 45 to 64, is lagging significantly 
behind that of many other countries. (2) 


Excessive mortality from the cardiovascular- 
renal diseases, which are primarily respon- 
sible for this lag, is closely associated with 
overweight. (3) Reduction of overweight 
results in more favorable mortality ex- 
perience. 

The information is derived principally 
from the data published by the Metropolitan 





38 NUTRITION 


Life Insurance Company. While these data 
are unquestionably important, they suffer 
from the limitations inherent in all in- 
surance statistics. Breslow stresses the need 
for defining more precisely the relationship 
between obesity and excessive mortality, 
including long-term observations of in- 
dividuals who gain or lose substantial 
amounts of weight at different periods of 
life. In reference to the so-called degener- 
ative diseases of the heart, careful epi- 
demiologic investigations must be under- 
taken in order to pin point etiologic factors, 
including diet, and to establish control 
measures based upon the findings. 

H. M. Sinclair (Brit. Med. J. 2, 1404 
(1953)) has emphasized that obesity is not 
synonymous with overweight, and that it is 
necessary to differentiate the deviations in 
weight due to excessive amounts of adipose 
tissue and those accounted for by large 
muscles and bones. Sinclair favors measure- 
ments of the thickness of the subcutaneous 
tissue as the simplest way of estimating 
obesity, defined as the condition in which 
the amount of body fat is substantially 
greater than normal. 

Individual differences in fat content are 
large. In a small group of 6 “normal”? men 
and 6 women, examined by R. A. McCance 
(Lancet II, 739 (1953)), the average fat 
content, estimated from total body water, 
was 15 per cent (range 7 to 22) in the males 
and 20 per cent of body weight (range 13 
to 29) in the females. 

In comparison with habitually lean men, 
undernourished subjects have a lower cell 
mass and higher extracellular fluid indicative 
of occult or manifest edema; the amount of 
fat may be equally low in both groups. On 
refeeding undernourished patients there is 
some increase in cell mass, large increase in 
body fat, and a decrement in extracellular 
fluid. 

Weight losses in the obese were studied by 
A. Kekwick and G. L. Pawan (Arch. Middle- 
sex Hosp. (London) 3, 139 (1953)). While 
there is no doubt that caloric restriction (in 
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the obese as well as in individuals with 
normal body composition) results in weight 
loss, the degree of weight loss does not 
appear to bear a simple relation to the 
degree of caloric deficiency. The authors 
report different rates of weight loss on 
isocaloric diets in which 90 per cent of the 
energy in the diet was supplied in the form of 
either fat, protein, or carbohydrate. On an 
intake of 1000 calories, a high fat diet ap- 
peared to produce the most rapid weight 
loss. The weight loss on a high protein diet 
was less rapid and on a high carbohydrate 
diet it was minima]. While variations in the 
distribution of food stuffs in the diet may be 
accepted as a potentially important factor in 
producing losses of weight, the data are too 
meager to confirm such a hypothesis and to 
provide reliable quantitative differentiation. 

Kekwick and Pawan attempted to inter- 
pret the obtained weight changes in terms of 
body composition, using determinations of 
total body water (from urea dilution) 
and extracellular fluid (from thiocyanate 
dijution), nitrogen balances and creatine 
excretion. Their conclusions were largely 
negative, indicating that during weight re- 
duction total body water (calculated as 
proportion of body weight) remained fairly 
constant and the weight losses were ap- 
parently not associated with protein catab- 
olism. However, the weight changes were 
too small, in comparison with the errors of 
measurement of the methods used in the 
study, to provide a solid basis for the 
analysis of tissues lost during weight re- 
duction in obese individuals. 

In what ways do obese children differ from 
their nonobese contemporaries? A detailed 
comparative study of this topic was re- 
ported by P. C. Fry (J. Clin. Nutrition 1, 
453 (1953)). The obese children (13 boys 
and 26 girls, age 5 through 13) and their 
controls (24 boys and 26 girls, age 4 through 
13, selected at random from a large group) 
participated in the Child Growth Program 
carried on at the Forsyth Dental Infirmary 
in Boston. The group of obese children was 
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selected on the basis of a presence of fat 
pads or folds, seen in photographs in at least 
two or three regions (dorsal, abdominal, 
trochanteric). The fat-pad boys were one 
year older, on the average, than their con- 
trols (10.5 versus 9.5 years). The two groups 
of girls differed in the same direction but the 
age difference was only four months. 

The obese children significantly exceeded 
their controls in weight, as would be ex- 
pected, with mean standard scores of +1.43 
and —0.50 for girls, +2.86 and —0.47 for 
boys. Smaller but consistent differences were 
observed also in height. The wrist ossifica- 
tion quotient (100 & bone age/chronologic 
age) showed a similar trend, with average 
scores of 105.4 and 92.5 for the girls, 108.1 
and 92.8 for the boys. No differences were 
observed in sexual maturation. A statisti- 
cally significant difference was present in the 
mean diastolic pressure of the obese and 
control boys (80.6 versus 67.7 mm. Hg). 
The differences in the boys’ systolic pressure 
and in the blood pressure of the girls were in 
the same direction but did not reach the 5 
per cent level of statistical significance. 
These differences may be accounted for, in 
part at least, by the mechanical effect of 
increased deposits of subcutaneous fat and 
the difference in the mean ages. 

Statistical evaluation of the incidence of 
stable and disorganized family environ- 
ment, relative fatness of the mother, and 
ethnic origin showed no significant dif- 
ferences between the fat-pad and the 
control children. The birth weight of the two 
groups was similar. An examination of the 
illness experience of the two groups in- 
dicated no difference in the incidence of 
infections or accidents. 

Dietary information was obtained on the 
basis of daily records, kept for three to eight 
days by the mothers of younger children or 
by the adolescents themselves. The food 
intake was reported in terms of common 
household measures. Using the National 
Research Council recommended allowances 
as a reference point, the reported caloric 
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intakes at each age showed large variations 
both in the fat-pad and the control groups. 
The range of variation in protein intake was 
quite narrow. The tabular data are difficult 
or impossible to interpret as no negative 
values are given in specifying the range of 
differences between the reported food in- 
take and the NRC values. The author con- 
cludes that the diets of the fat-pad children 
were not excessive in either calories or 
proteins and that the fat-pad group as a 
whole did not overeat. While 78 per cent of 
them were above the recommendations for 
protein intake, 72 per cent of the entire fat- 
pad group were reported to fall below the 
caloric recommendations for their age group. 

This hardly agrees with the statement that 
the average caloric intake was quite close to 
the NRC recommendations. In view of the 
mass of other data assembled in the study, 
it is unfortunate that more reliable methods 
had not been used in the estimation of the 
food intake. The reader’s confidence is 
strengthened by reference to the fact that 
records of food intake have been made on 
other occasions for the same subjects and 
the reported intakes were consistent, but no 
actual data are given. Also, consistency does 
not insure validity. 

A comparative study of the caloric intake, 
composition of the diet and the meal pattern 
of obese and nonobese women was made by 
R. Beaudoin and J. Mayer (J. Am. Dietet. 
Assn. 29, 29 (1953)). For purposes of anal- 
ysis, data obtained by several research 
workers were pooled. These were based on 
methods involving self-recording of food 
intake (one-day and three-day records) and 
interview methods (clinical and research 
dietary history). When applied to women 
with normal body weight, the various 
methods yielded very consistent mean 
values of caloric intake of about 2200 cal- 
ories per day, in agreement with values 
calculated by the methods proposed by the 
Food and Agriculture Organization Com- 
mittee on Caloric Requirements. When 
applied to obese women, different methods 
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of collecting dietary data gave markedly 
different results, with mean daily intakes of 
1964, 2524 and 2829 ealories derived from 
one-day food records, clinical and research 
dietary histories, respectively. These striking 
discrepancies suggest that obese individuals 
will not, as a rule, disclose their true intakes 
without prodding and guidance by a skilled 
interviewer and that self-records can not be 
trusted. The obese subjects have a tendency 
to minimize the frequency and size of the 
snacks taken after lunch throughout the 
rest of the day as well as the size of the 
dinner. 

In contrast to many statements on the 
subject, no significant differences were 
shown in the proportion of calories derived 
from protein, fat and carbohydrate by 
obese and normal-weight women. The mean 
amount of calories derived from fat esti- 
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mated by different methods has varied 
from 36.8 to 41.5 per cent for normal- 
weight individuals, 37.6 to 46.1 for obese 
women. Beaudoin and Mayer believe that 
if the phase (active or static) of obesity is 
taken into account, more revealing data in 
regard to food choices could perhaps be 
obtained. 

While obesity has been proclaimed to be 
an important health hazard and the most 
frequent form of “malnutrition” in the 
United States, scientific knowledge of many 
aspects of obesity is inadequate and de- 
mands further research. Proper definition 
of ‘ideal’? body weight is a challenging task. 
It must take into account not only the 
mortality and morbidity experience in the 
adult population but also the impact of dif- 
ferent rates of growth and development 
and their modifiability by diet. 


ABSORPTION OF VITAMIN By» 


Most vitamins are readily absorbed from 
the intestine in man. However, vitamin 
By» absorption is a much more difficult 
process requiring a special component of 
gastric juice (intrinsic factor) in order to 
fulfil the body requirements. W. B. Castle 
(New Engl. J. Med. 249, 603 (1953)) has 
succinctly described the impairment of 
absorption of vitamin By» in patients with 
pernicious anemia “‘... This disease would 
not develop if the patient could effect daily 
the transfer of a millionth of a gram of 
vitamin B, the distance of a small fraction 
of a millimeter across the intestinal mucosa 
and into the blood stream. This he cannot 
do, principally as a result of failure of his 
stomach to secrete into its lumen some 
essential but still unknown substance. Yet 
the patient may each day absorb without 
much difficulty the products of the digestion 
of many grams of carbohydrate, fat or pro- 
tein from foods that in addition may contain 
consequential amounts of vitamin By 
in terms of his trivial needs.” 


Vitamin By labeled with radioactive 
cobalt has provided an elegant experimental 
tool for the study of vitamin By: absorption 
in man. In the absence of intrinsic factor, 
which can occur spontaneously in pernicious 
anemia (Nutrition Reviews 10, 229 (1952)), 
or following gastrectomy (Ibid. 12, 4 
(1954)) the absorption of labeled vitamin 
By is grossly impaired. This defect can be 
overcome by the administration of intrinsic 
factor. Even in the presence of normal 
amounts of intrinsic factor the intestinal 
absorption of vitamin By may be sur- 
prisingly limited. G. B. Jerzy Glass, L. J. 
Boyd, and'L. Stephanson (Proc. Soc. Exp. 
Biol. Med. 86, 522 (1954)) have studied the 
effect of the dose of vitamin By labeled with 
radioactive cobalt on the degree of in- 
testinal absorption. In these experiments 
the amount of radioactivity which ac- 
cumulated in the liver was estimated by 
using a scintillation counter directly over the 
liver. Counts were made six to ten days after 
the administration of a test dose of vitamin 
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By, at which time it could be demon- 
strated that radioactivity had almost 
completely left the intestinal contents. 
The amount of radioactivity accumulated 
by the liver after an oral dose was com- 
pared with that which took place after the 
same dose of vitamin By was given by 
parenteral administration. 

Using this experimental approach meas- 
urements were made on 20 normal in- 
dividuals or patients with “‘irrelevant”’ dis- 
orders. It was found that with an oral dose 
of 0.5 micrograms of vitamin By the hepatic 
uptake was 90.5 per cent of that which 
occurred following the intramuscular in- 
jection. With increasing doses of vitamin By» 
there was a rapid and progressive fall in 
absorption so that with doses of 50 micro- 
grams only 3 per cent as much hepatic 
accumulation took place with oral as com- 
pared with intramuscular administration. 
Expressed in another fashion, an increase 
in the oral dose of vitamin By from 0.5 
to 50 micrograms only results in an increase 
in hepatic accumulation from an estimated 
0.45 to 1.5 micrograms daily. 

The authors have interpreted their results 
as indicating that a partial mucosal block 
exists for the absorption of vitamin By. 
Unpublished data are cited which indicate 
that the failure to absorb greater amounts of 
vitamin By cannot be corrected by the 
administration of additional intrinsic factor. 
By analogy with the absorption of iron from 
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the intestinal tract an intramural ‘‘in- 
testinal By acceptor’? was postulated. The 
failure of increasing doses of vitamin By 
to be absorbed could be explained by in- 
creasing saturation of this acceptor. The 
limited capacity for absorption of vitamin 
By even in the presence of intrinsic factor 
may explain some of the difficulties of treat- 
ing patients with pernicious anemia by the 
oral route. The hematopoietic response has 
been reported to be “unpredictable”? under 
such circumstances. 

In emphasizing the intestinal barrier to 
the absorption of vitamin By the work of 
Jerzy Glass and co-workers represents a 
valuable contribution. Despite the indirect 
measurement of intestinal absorption em- 
ployed, the results appear to be conclusive. 
The absolute accuracy of this method re- 
quiring two in vivo measurements may, how- 
ever, be questioned and its advantage over 
the measurement of fecal excretion is not 
apparent. 

The information which is at 
available suggests that the 
vitamin By» by the human 


present 
absorption of 
intestine is a 
complicated problem involving the presence 
of a facilitating substance (intrinsic factor) 
and possibly an intestinal acceptor sub- 
stance. As Castle has suggested, ‘‘as a next 
step it appears logical to attempt to develop 
methods of in vitro study of the transport 
of vitamin By across cell membranes.” 


A METHOD FOR DETERMINING EXCHANGEABLE SODIUM AND 
POTASSIUM IN MAN 


Interest in the total amount of sodium and 
potassium in the body and the changes these 
ions may undergo with disturbances in 
nutrition and in various disease states has 
led to the development of isotopic dilution 
methods for their determination (Nutrition 
Reviews 7, 308 (1949)). In this method small 
amounts of radioactive sodium and po- 
tassium are injected intravenously, and time 


is allowed for their equilibration with their 
stable isotopes in the body. Samples of blood 
are then taken, the radioactivity determined 
and the extent of isotope dilution calculated. 
W. L. Arons and A. K. Solomon (J. Clin. 
Invest. 33, 995 (1954)) and Arons, R. J. 
Vanderlinde, and Solomon (bid. 33, 1001 
(1954)) have developed a method in which 
simultaneous measurements of exchangeable 
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sodium and potassium may be made. The 
method depends upon the principle outlined 
above except that the radioactive isotopes 
of sodium and potassium are both injected 
at the same time. The blood sample that is 
withdrawn is passed through a column of 
specially prepared Dowex 50 exchange resin 
which adsorbs the ions. They are then 
separately eluted—the sodium with a weak, 
and the potassium with a more concen- 
trated, hydrochloric acid solution. The work 
has been carefully done and is well stand- 
ardized. 

These measurements were made in a group 
of normal young adults between the ages 
of 20 and 30 years. In general the authors’ 
results agreed with those of other investi- 
gators, which had made use of the somewhat 
more laborious methods for separating the 
sodium and potassium before radioactivity 
determination. In addition the method 
appears to be reproducible in the same in- 
dividual from time to time, repeated de- 
terminations having been done at intervals 
of one to two weeks, and, in two instances, 
several months apart. The quantities of 
sodium and potassium as_ radioactive 


- isotopes in the sweat and feces were neg- 


lected as they were considered to be 
insignificant in these subjects. The urinary 
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excretion of isotopic sodium and potassium 
was considered small enough not to require 
resin column separation. These components 
were differentially counted by means of 
differences in radiation of the two isotopes. 
This method could not be used with blood 
because of the much larger quantities of the 
isotopes present in the latter and the wide 
divergence in the serum content of ‘sodium 
and potassium. 

The authors are careful to point out that, 
although the method does give a value for 
total exchangeable sodium and potassium, 
this does not necessarily mean that the 
isotopes have been equilibrated with all of 
the sodium and potassium in the body, bone 
and brain being particularly slow in exchange. 

The method appears to be a highly satis- 
factory one for the measurement of total 
exchangeable body sodium and potassium 
in normal individuals. Whether it will give 
reliable results under abnormal conditions, 
particularly when there are abnormalities 
of renal function and wide variations of 
sodium and potassium excretion in the 
urine, will need to be carefully studied 
before it can be applied under such con- 
ditions as severely sodium-restricted diets, 
potassium loading and _ disease states, 
especially heart and kidney diseases. 


LONG-TERM NITROGEN BALANCES 


Reports are constantly appearing on 
nitrogen balance studies. Most of these have 
been carried out over a period of only a few 
days. From such results a variety of con- 
clusions have been drawn regarding the 
essentiality of a number of nutrients. All of 
these short-term studies have ignored the 
long-term implications of any positive or 
negative balance that might have arisen 
during such studies. The assumption is 
usually made that a normal adult should be 
in nitrogen equilibrium and that any slight 
deviations therefrom are expressions either 
of temporary changes in the body compo- 
sition or shortcomings of the technic. 


A long-term study of nitrogen balances in 
adults has appeared which confirms Mit- 
chell’s (see Nutrition Reviews 7, 282 (1949)) 
earlier observation of the retention of con- 
siderable amounts of nitrogen under such 
circumstances. E. G. Holmes, E. R. Jones, 
and M. W. Stanier (Brit. J. Nutrition 8, 
173 (1954)) report that East African natives 
who are suffering from protein deficiency 
store large amounts of dietary protein even 
after they have been on a high protein diet 
for a number of months. On the basis of a 
dietary survey made in the area, they state 
that adult male laborers in East Africa 
consume some 53 g. of protein, 525 g. of 
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carbohydrate, and 42 g. of fat per day. 
Nine g. of the protein were of animal origin. 
Milk, eggs, butter and cheese did not appear 
in the diet. The average caloric intake was 
2647 calories. 

In view of the unexpected large retention 
of nitrogen, the patients were transferred to 
a metabolic ward where one of the laboratory 
research staff was on duty to provide close 
supervision of the subjects throughout the 
entire twenty-four-hour day. The diet used 
in these studies consisted of rice, maize meal, 
plantains, bread, beans, groundnuts and 
meat. The protein content was increased by 
the addition of dried skim milk or meat, or 
both. The protein content of the diets was 
never below 100 g. and was frequently 
raised to 180 to 200 g. The caloric value of 
these diets was between 3000 and 4000 
calories per day. 

As an additional check, 5 normal subjects 
were put on protein intakes approximating 
those of the patients. There was a con- 
siderable nitrogen retention in the controls 
for the first few days after the initiation of 
the high protein diet. The retention de- 
creased markedly during the subsequent 
five or more days, but in the one case where 
the high protein level was continued for 
twenty days, the normal subject had not yet 
attained nitrogen equilibrium. In the latter 
case the positive nitrogen retention was 
equivalent to 2.65 kg. of tissue for the 
twenty-day period. During this time the 
subject gained 2.0 kg. in body weight. In 
one of the other subjects the calculated tissue 
gain was approximately the same as his 
gain in body weight. Another subject re- 
tained 0.36 kg. of tissue and lost 1 kg. in 
body weight. The fourth subject gained 0.67 
kg. of body tissue and lost 0.70 kg. On this 
rather tenuous basis Holmes and co-workers 
felt that their experimental technics were 
adequate. 

The results of the nitrogen balance are 
presented graphically for 5 patients, which 
makes it difficult to calculate exactly the 
changes that occurred. Over periods of 
fourteen to one hundred and thirty-four 
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days these subjects were reported to have 
retained considerable amounts of nitrogen. 
For instance, in a period of one hundred and 
twenty-two days one patient retained 407 g. 
of nitrogen; in a one hundred and thirty- 
four-day period another patient retained 
554 g.; in a one hundred and eight-day 
period another patient retained 893 g. of 
nitrogen; while the maximum retention 
occurred in still another patient, who, in one 
hundred and nine days, retained 1011 g. of 
nitrogen. These exceedingly high nitrogen 
retentions were then corrected for possible 
loss of nitrogen through the skin. When this 
was done the retention of body tissue cor- 
responded fairly well with the gain in body 
weight. The only outstanding discrepancy 
occurred in the last case cited, where the 
calculated retention of body tissue was 
equivalent to 14.9 kg., while the increase in 
body weight was 2.1 kg. 

These nitrogen balances raise the question 
as to how close to equilibrium long-term 
nitrogen balance studies can come when they 
are made on normal subjects. This problem 
was considered by H. H. Mitchell (Arch. 
Biochem. 21, 335 (1949)) in a presentation of 
data collected on 23 university students. 
Five of these men were maintained on 
metabolic experiments for two hundred and 
twenty days, while the remaining subjects 
were on the experiments for periods ranging 
from one hundred and fifty-six to two 
hundred and twelve days. These men re- 
ceived an average of 84 g. of protein and 
3000 calories per day. The nitrogen balance 
for these men was positive for the entire 
experimental period. Each man retained an 
average of 1.38 g. of nitrogen per day. In 
Mitchell’s study an allowance of 360 mg. of 
nitrogen for the daily sweat loss was sug- 
gested. This would leave an over-all reten- 
tion of 1 g. of nitrogen per day. Throughout 
this period the body weights were reported 
to have “varied little.” 

In addition to the nitrogen balance, 
Mitchell followed the intake and excretion 
of phosphorus. These subjects retained 
nitrogen and phosphorus in a ratio of 
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7.8:1 (5.7:1 when corrected for minimal 
sweating loss). Although there was a sig- 
nificant correlation between the retention of 
these two elements and the body surface, it 
is doubtful that the positive balance could 
be explained only by the loss of cutaneous 
tissue. According to the Illinois workers 
(H. H. Mitchell, T. S. Hamilton, F. R. 
Steggerda, and H. W. Bean, J. Biol. Chem. 
158, 625 (1945)) the ratio of nitrogen to 
phosphorus in skin is 60:1. The thoroughness 
of the balance procedure was vouched for on 
the basis of the close supervision of the 
subjects during the experimental period. 
The study of the East African natives 
(Holmes et al., loc. cit.) is of importance be- 
cause of the marked retention of nitrogen 
occurring over a long period of time (up to 
eight months). However, it should be 
pointed out that if these individuals existed 
on a protein intake of approximately 53 g. 
per day before they developed the ‘‘mal- 
nutrition...due to inadequate protein 
intake,” they were still getting as much as 
other investigators had shown to be ade- 
quate for nitrogen equilibrium. D. M. 
Hegsted, A. G. Tsongas, D. B. Abbott, and 
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F. J. Stare (J. Lab. Clin. Med. 31, 261 
(1946)) found that normal men between 19 
and 50 years of age could be maintained in 
nitrogen equilibrium on a protein intake of 
from 30 to 40 g. per day. Practically all of 
this protein was from vegetable sources. It 
should also be noted that unless the sub- 
jects studied in East Africa were engaged in 
active physical labor during the experi- 
mental period they would not lose 4 liters of 
sweat per day. This was the estimate made 
by Holmes et al. in their nitrogen balances. 
When the nitrogen loss through the skin is 
reduced, the retention of tissue is increased 
and, in most cases, exceeds the observed 
change in body weight. Here, as in the 
experiment cited by Mitchell, it becomes 
difficult to explain the mechanism of this 
nitrogen retention. Further work should be 
done to establish the exactness with which 
nitrogen equilibrium can be attained in long- 
term studies. Should the retention be as 
high as that seen by Mitchell among normal 
subjects or that observed by Holmes and 
co-workers in debilitated patients, then an 
attempt should be made to determine the 
site and significance of the retained nitrogen. 


EFFECT OF PLANT VERSUS ANIMAL FAT ON THE BLOOD LIPIDS 


Some confusion exists concerning the 
relative influence of dietary fats of animal 
and of plant origin upon the concentration 
of the serum lipids. The search for clinical 
methods that will be effective in the manage- 
ment of atherosclerotic diseases has returned 
persistently to the question of whether 
vegetable fat may have distinctive ad- 
vantages in the diets prescribed for such 
patients. There have been but few adequate 
studies of this problem. One of these has 
been reported by E. H. Ahrens, D. H. 


Blankenhorn, and T. T. Tsaltas (Proc. Soc. 
Exp. Biol. Med. 86, 872 (1954)). 

These workers have studied the effects of 
varying the type of dietary fat in 6 human 
subjects maintained in caloric equilibrium. 
The effect of successive periods of plant and 


animal fat feeding upon the cholesterol, 
phospholipids and neutral fat concentration 
of blood serum was evaluated. During the 
period of animal fat feeding 140 g. of fat of 
animal origin and 10 g. of fat of plant origin 
were fed. During the period of plant fat 
feeding no animal fat was fed. Except for one 
adolescent subject who received about 200 
g., the subjects received 150 g. of fat daily. 
The observations were made on a metabolic 
ward. 

In these experiments the subjects regularly 
showed a fall approximating 20 per cent of 
the original levels of cholesterol and phospho- 
lipids when the diet was changed from ani- 
mal to vegetable fat. The neutral fat content 
of serum was not influenced in a regular 
fashion. Return of animal fat to the diet 
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reversed these serum changes. In either 
instance the serum concentration changes 
occurred within about two weeks of the 
dietary change. 

The authors properly emphasize that the 
evidence often cited to support the conten- 
tion that the total dietary fat rather than its 
biologie origin is the important consider- 
ation in lipid metabolism is not based upon 
sound experimental proof, for the data were 
often obtained after extreme dietary manipu- 
lations. The authors interpret their findings 
as confirming the work of L. W. Kinsell et al. 
(see Nutrition Reviews 18, 8 (1955)). The 
data of Kinsell are, however, difficult if not 
impossible to interpret because of the 
uniquely low serum cholesterol levels of the 
experimental subjects and the multiplicity 
of variables in the experiments. 

There is one serious obstacle to an in- 
terpretation of the data of Ahrens et al. 
The cholesterol intake varied over an ex- 
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treme range between the periods of animal 
and plant fat feeding. During the period of 
animal fat feeding the daily cholesterol 
intake was estimated at 1800 mg. daily and 
during the period of vegetable fat feeding 
it was 23 mg. daily. Before the observed 
changes can be attributed to the 
nature of the dietary fat, it must be de- 
termined whether these very large differ- 
ences of cholesterol intake are of importance. 

It is often stated that cholesterol intake 
per se is of no consequence in affecting the 
serum lipids of man. Actually this matter 
has not been studied adequately to permit 
such a statement. In experimental animals 
the cholesterol intake is certainly of critical 
importance in determining cholesteremia. 
If this kind of experimentation is to yield 
decisive information it must be planned to 
isolate the effects of cholesterol intake as 
well as caloric balance, total fat intake and 
the source of diet fat. 


serum 


CULTURE OF ALGAE FOR FOOD 


In view of current researches on the use 
of algae as food supplements (Nutrition 
Reviews 9, 347 (1951); 11, 77, 95 (1953); 
12, 72, 111 (1954); 18, 13 (1955)), a recent 
summary by P. H. Groggins (J. Agr. Food 
Chem. 1, 1193 (1953)) on alga culture is of 
interest. The alga Chlorella is unicellular and 
under favorable conditions will divide every 
twelve hours, resulting in a very rapid 
growth rate (comparing with other green 
plants) and very efficient use of incident light 
energy in photosynthesis. It requires a 
supply of carbon dioxide, inorganic nu- 
trients, a relatively uniform temperature, 
and light. Large scale culture and con- 
tinuous harvesting is technically feasible. 
A yield of 35 tons (dry basis) of Chlorella 
per acre of culture medium per year is 
reasonable. For comparison, the per acre 
yield of soybeans is 0.75 ton. By manipu- 
ation of the medium, the relative amounts 
of protein and fats in the product can be 


controlled, producing a very pliable product 
for human direction. 

When grown in open ponds, initial in- 
vestment may be low, but great difficulties 
arise due to contamination by bacteria and 
other undesirable microorganisms, high 
cost of harvesting relatively dilute cultures, 
and difficulty of providing an enriched 
carbon dioxide medium. Closed systems 
seem necessary at present and costs of such 
systems appear prohibitive by a factor of 
more than five when they must compete 
economically with soybean or fish meals. 
However, the great needs existing in many 
parts of the world for more food make further 
research in the production and utilization of 
algae very necessary as a possible eventual 
solution to the food problem. 

The use of dried Chlorella as a source of 
nutrients for the chick has been reported by 
G. F. Combs (Science 116, 453 (1952)), 
who substituted 2.5, 5, 10, and 20 per cent 
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vacuum-dried Chlorella in a basal diet in 
place of an equal amount of soybean oil meal 
for day-old chicks observed over a four- 
week growth period. The basal diet was 
suboptimal for riboflavin, vitamin By, and 
vitamin A. Analyses of dried Chlorella for 
numerous vitamins and amino acids are re- 
ported. Aside from the low level of methi- 
onine, the alga protein compares favorably 
with soybean oil meal protein and vitamin 
levels are relatively high compared with 
many other feedstuffs. 

Inclusion of 10 per cent Chlorella in the 
diet resulted in doubling the growth rate 
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and 25 per cent improvement in feed 
efficiency. This is probably due to higher 
levels of riboflavin, carotene and members 
of the vitamin B-complex. One problem 
arose in the use of Chlorella meal which 
caused an apparent depressing action when 
added to an adequate broiler mash diet— 
this was the development of an impacted 
beak condition. This mechanical impedi- 
ment interfered with feed consumption and 
was due to the hygroscopic nature of the 
alga meal. Suitable processing methods can 
no doubt be developed to eliminate this 
problem. 


THE EFFECT OF SALICYLATES ON CARBOHYDRATE METABOLISM 


Early observations on the effects of 
salicylate (salicylate here referring to the 
sodium salt of salicylic acid) on carbo- 
hydrate metabolism came from various 
laboratories in the latter part of the nine- 
teenth century. These observations were 
made on diabetic subjects in whom salicylate 
administration was found to prevent glyco- 
suria. Although this effect could be produced 
only with large (10 to 12 g.) and sometimes 
toxic doses of salicylate, this compound was 
nevertheless used in the treatment of 
diabetes. Its use since the advent of insulin 
therapy has been discontinued (M. Gross 
and L. A. Greenberg, ‘‘The Salicylates,”’ 
pp. 108-109, Hillhouse Press, New Haven 
(1948)). 

In 1942 C. Lutwak-Mann (Biochem. J. 
36, 706 (1942)) observed a striking decrease 
in liver glycogen in rats that were injected 
with 1 mg. of salicylate per gram of body 
weight. In four to seven hours after the 
administration of the salicylate the liver 
glycogen had almost completely disappeared 
but was fully restored after twenty-four 
hours. The blood sugar level of these animals 
was not affected by the drug. D. J. Ingle 
(Proc. Soc. Exp. Biol. Med. 76, 673 (1950)) 
found that aspirin (the sodium salt of 
acetylsalicylic acid) produced weight gain 
and marked amelioration of the glycosuria 


in a group of 7 partially pancreatectomized 
rats. 

Recently the effect of salicylate on carbo- 
hydrate metabolism has been subjected to 
extensive investigation by M. J. H. Smith 
and co-workers of King’s College Hospital 
Medical College in London, England. In 
particular, Smith has made studies in which 
both salicylate and cortisone were used. 
Such experiments are of particular interest 
since both compounds are used in clinica! 
treatment of rheumatic diseases. In the 
first of this series of studies (Smith, B. W. 
Meade, and J. Bornstein, Biochem. J. 61, 
18 (1952)) it was found that salicylate 
reduces the glycosuria and blood sugar but 
not the liver glycogen of alloxan-diabetic 
rats. In agreement with the results of 
Lutwak-Mann it was found in the normal 
rat that salicylate caused a reduction in 
liver glycogen but had no effect on the 
blood sugar level. In all cases the animals 
were given free access to food which was 
withdrawn immediately before salicylate 
administration. 

In subsequent work Smith investigated 
the effect of salicylate on blood sugar and 
liver glycogen in both normal and adrenal- 
ectomized rats (Biochem. J. 62, 649 (1952)). 
In the adrenalectomized rats treated with 
cortisone salicylate prevented the formation 
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of new glycogen. In normal rats treated with 
cortisone and force-fed a high carbohydrate 
diet salicylate reduced the glycosuria and 
hyperglycemia produced by the cortisone. 
Salicylate did not reduce the gluconeo- 
genesis from protein brought about by 
cortisone since the urinary nitrogen was 
not reduced. 

In order to eliminate the different amounts 
of food in the stomachs of the rats at the 
time of salicylate administration, Smith 
(Biochem. J. 57, 349 (1954)) repeated the 
experiments with rats trained to eat a single 
meal of one hour duration per day. Salicylate 
was given immediately after the feeding 
period and blood glucose and liver glycogen 
were determined at various intervals during 
a twenty-four-hour period. Salicylate ad- 
ministered to normal rats and adrenal- 
ectomized rats given a maintenance dose of 
cortisone prevented the normal deposition 
of liver glycogen observed in the saline 
controls after periods of six and twelve 
hours. The blood glucose of these salicylate- 
treated animals was significantly lower 
after two hours and significantly higher 
after twenty-four hours than that of the 
control animals. In the adrenalectomized 
rats not maintained with cortisone, salicyl- 
ate administration caused initial effects 
similar to those above, but after twenty-four 
hours it had no effect either on the blood 
glucose or on liver glycogen. Smith believes 
these findings indicate that a state of 
eucorticalism (normal cortical condition, 
as existed in the adrenalectomized rats 
given a maintenance dose of cortisone) 
rather than a stimulation of the adrenal 
cortex is a sufficient condition for salicylate 
to exert its twenty-four-hour effects on 
liver glycogen and blood glucose. 

In further experiments Smith (Biochim. et 
biophys. acta 14, 241 (1954)) found that 
salicylate administration caused increased 
blood glucose concentrations in rats given 
glucose orally, but not in rats given glucose 
intravenously. In adrenalectomized rats 
given oral glucose salicylate caused marked 
reduction in the blood glucose level. Smith 
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concluded from these results that salicylate 
causes increased intestinal absorption of 
glucose and that the presence of the ad- 
renals is necessary for this effect to take 
place. Furthermore, these experiments do 
not corroborate the theory (B. S. Hetzel 
and D. C. Hine, Lancet II, 94 (1951)) that 
salicylate exerts its therapeutic effect on 
rheumatic fever primarily through its action 
on the pituitary and adrenal glands leading 
to the production of adrenal corticosteroids. 
Similarly, the conclusions that aspirin and 
cortisone have similar metabolic actions 
based on the production of a mild Cushing’s 
syndrome by the former compound in a 
human patient (J. B. Cochran, R. D. Wat- 
son, and J. Reid, Brit. Med. J. 2, 1411 
(1950)) are questioned by Smith. In the 
alloxan-diabetic rat salicylate not only 
produces actions opposite to those of corti- 
sone on the blood sugar and glycosuria, but 
also antagonizes the effect of cortisone on 
these entities in the normal rat force-fed 
a high carbohydrate diet. 

The mechanisms by which salicylate 
exerts its effect on carbohydrate metabolism 
are still under investigation. The depletion 
of liver glycogen in the normal animal may 
be due to a delayed gastric emptying time 
caused by the administered salicylate. 
Smith (Biochem. J. 57, vit (1954)) adminis- 
tered salicylate immediately after the feed- 
ing period to rats on the single-feeding 
regimen described above. A barium test 
meal so consumed was evacuated from the 
stomach of the control rats in two hours. 
In the animals given salicylate the barium 
was retained in the stomach for twelve 
hours or more. These results together with 
those on increased intestinal absorption in 
the oral glucose tolerance test indicate that 
salicylate exerts an effect on the motility of 
the gastrointestinal tract. Such an effect, 
however, cannot explain the other reported 
actions of salicylates on carbohydrate 
metabolism. 

Smith’s work indicates that salicylate 
probably does not exert its effect on rheu- 
matic diseases through the pituitary- 
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adrenal axis. However, reports from other 
laboratories indicate that salicylate may 
well have an effect on this axis. This was 
inferred from adrenal ascorbic acid deple- 
tion (K. C. Blanchard, E. H. Dearborn, 
T. H. Maren, and E. K. Marshall, Bull. 
Johns Hopkins Hosp. 86, 83 (1950)), 
adrenal cholesterol depletion (F. B. Robin- 
son, Brit. Med. J. 1, 300 (1951)), and high 
urinary excretion of adrenocortical steroids 
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(H. Van Cauwenberge and C. Heusghem, 
Lancet I, 771 (1951); F. Bertolani, R. 
Lorenzini, and B. Bonati, Ibid. I, 54 (1951)). 
An intact pituitary is necessary for this 
adrenal response (Van Cauwenberge, [bid. 
II, 374 (1951)). According to G. Cronheim 
and N. Hyder (Proc. Soc. Exp. Biol. Med. 
86, 409 (1954)) salicylate exerts its effect 
indirectly on the pituitary via a stimulatory 
effect on the hypothalamus. 


EXERCISE AND OBESITY 


There has been a great deal of discussion 
about the value of exercise as a means of 
controlling body weight and as an adjunct 
in a weight reduction program. On purely 
theoretic grounds it has been argued that the 
caloric expenditure involved in any reason- 
able amount of exercise is so small as to be 
of negligible value in producing a caloric 
deficit. Furthermore, it has been argued that 
since physical activity increases the appetite, 
exercise may impose psychologic as well as 
physiologic burdens on the obese individual 
(E. H. Rynearson and C. F. Gastineau, 
“Obesity,” p. 103, C. C. Thomas, Spring- 


field, Ill. (1949)). 


It has been recognized for many years 
that a reduction of caloric expenditure is 
frequently associated with the development 
of obesity. D. J. Ingle (Proc. Soc. Exp. Biol. 
Med. 72, G04 (1949)) used this technic for 
the production of obese rats. When the rats 
were confined to a small cage and fed a 
semiliquid diet some of them attained 
weights close to 1000 g. (the heaviest rat 
was 1090 g.). Ingle reported that prior to 
the use of the small cage, he had never seen 
any rat on the semiliquid diet which weighed 
more than 600 g. This technic of confining 
an animal to a small cage has been used oc- 
casionally in animal husbandry when it was 
desired to fatten the animal at a faster rate 
than would be possible under ordinary cir- 
cumstances. 

There are many suggestions that the 
initiation of an obese state in human be- 


ings can frequently be traced to the cessation 
or reduction in physical activity. J. A. 
Greene (Ann. Int. Med. 12, 1797 (1939)) ina 
study of 350 obese adults found that 67 
per cent of his cases developed obesity fol- 
lowing a sudden reduction in physical ac- 
tivity. In most of his cases, a long illness or 
convalescence was responsible for the in- 
activity. 

In order to evaluate experimentally the 
influence of physical activity upon body 
weight, J. Mayer and co-workers (Am. J. 
Physiol. 177, 544 (1954)) subjected rats and 
mice to a program of forced exercise on an 
electrically driven treadmill. The first phase 
of the work was aimed at an evaluation of 
different amounts of work on both food con- 
sumption and body weight. Adult female 
rats that were maintained on an adequate 
purified diet were used for these experiments. 
Twelve rats were exercised each day for 
varying durations of time up to two hours, 
6 for periods of three to six hours, and 3 for 
periods greater than six hours. The rats 
that were exercised for periods longer than 
six hours a day became overtired and 
rapidly lost weight. For this reason, they 
were dropped from the experiment. Prior 
to the experiment all animals were sub- 
jected to a training program during which 
they were put on the treadmill for short 
periods of time. After the fifteen-day train- 
ing period, they were exercised for fourteen 
days. At the end of that time it was as- 
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sumed that the rats were in an equilibrium 
state insofar as the exercise was concerned. 

The rats that were exercised for twenty, 
forty, and sixty minutes a day did not in- 
crease their food intake in proportion to 
their caloric expenditure. Actually, the rats 
reduced their food intake to a slight extent. 
With this went a loss of body weight which 
was proportional to the length of exercise 
period up to sixty minutes per day. The 
latter rats had an initial body weight of 285 
g., which was reduced by 35 g. as a result 
of the exercise. 

With periods of exercise ranging from 
one to six hours, the food intake increased 
in proportion to the increase in physical 
activity. Even with the increased food in- 
take these rats lost approximately 30 g. 
during the early phase of the exercise period. 
The lower body weight was then maintained 
throughout the rest of the experiment. This 
work shows that it may not be correct to 
assume that an individual’s caloric needs 
can be calculated as the sum of his basal 
(inactive) caloric expenditures plus the 
calories required for his physical activities. 
At least during the early stage of a period of 
physical activity, an individual’s voluntary 
food intake may be restricted to such an 
extent that changes in both body weight 
and body composition ensue. 

The other part of the study involved an 
examination of the influence of exercise on 
the development of obesity in mice. One 
half of a group of 12 genetically obese mice 
(see Nutrition Reviews 10, 303 (1952); 
11, 88 (1953)) with an initial body weight 
of 52 g. were exercised for one-half hour each 
day on the treadmill; the other 6 remained 
inactive. In the same way, 6 nonobese mice 
with an average weight of 22 g. were exer- 
cised, while an equal number were kept 
inactive. Over the forty-five-day exercise 
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period the inactive obese mice showed a 
progressive increase in body weight amount- 
ing to 15 g. The exercised obese mice also 
increased their body weights during this 
time, but the weight gain was only one-half 
that of the inactive group. The difference 
in the rate of weight gain appeared even 
though the exercised obese mice ate one and 
one-half times as much food as the inactive 
ones. The nonobese mice showed a good 
adjustment in their caloric intake, with 
the result that there was no difference in 
the body weights of the exercised and inac- 
tive nonobese mice throughout the experi- 
ment. 

The study by Mayer and co-workers is of 
interest since it indicates that a re-evaluation 
of the role of exercise in caloric balance cal- 
culations may be necessary. This may be 
especially important for the increasing seg- 
ment of our population who are physically 
inactive (relatively speaking) throughout 
the work week. Many of these people in- 
crease their energy output tremendously 
over the week end. If the reduction in body 
weight seen in the rats at the start of the 
exercise period occurs immediately after the 
work is started, then it would be advisable 
to determine what happens to the rats when 
they are subjected to alternate periods of 
exercise and inactivity. The lower rate of 
weight gain over the forty-five-day exercise 
period by the obese mice makes it advisable 
to extend these studies to see what effect 
the exercise has on final body weight, lon- 
gevity, freedom from tumors, and _ in- 
fluence on the cardiovascular system. It 
might also be well to start the exercise with 
younger genetically obese mice. The results 
of such studies may well serve as a basis for 
evaluating the role of exercise in controlling 
the problem of obesity 
beings. 


among human 


EXPERIMENTAL LIVER CIRRHOSIS AND NECROSIS 


General interest in nutritionally induced 
liver disease was stimulated by the discovery 


of the lipotropic action of choline. The work 
of C. H. Best and his collaborators in the 
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1930’s as well as the findings in other labora- 
tories established that in the absence of 
choline or its precursors excessive amounts 
of fat accumulate in the liver of the experi- 
mental animal. Microscopic examination 
of such fatty livers showed evidence of 
early fibrosis—an increase in the amount 
of connective tissue. 

P. Gyérgy and H. Goldblatt (J. Exp. 
Med. 70, 185 (1939)), as well as I. L. Chaikoff 
and C. L. Connor (Proc. Soc. Exp. Biol. 
Med. 43, 638 (1940)), clearly called attention 
to the occurrence of extensive pathologic 
changes in addition to fatty infiltration. 
Gyérgy and Goldblatt, using diets deficient 


‘in several factors, described the occurrence 


of hemorrhages, fatty infiltration and mas- 
sive necrosis and degeneration of liver cells. 
The relatively unaffected areas showed 
signs of active regeneration indicated by an 
abundance of dividing cells. The demonstra- 
tion of liver hemorrhages in animals on cys- 
tine-deficient diets had been made by T. E. 
Weichselbaum (Quart. J. Exp. Physiol. 25, 
363 (1935)). Chaikoff and Connor made use 
of a very high fat diet consisting of lard, 
lean meat, salts, cod liver oil and rice bran 
concentrate. The livers of their experimen- 
tal animals were extremely fatty with a 
great increase in the amount of connective 
tissue. The general cellular architecture of 
the liver was greatly changed, and some 
fragmentation of liver cells had occurred. 
The authors called attention to the similari- 
ties and the differences between this type of 
cirrhosis and that found in animals receiving 
alcohol. 

Recognition of two distinct experimental 
liver diseases having their origin in nutri- 
tional deficiencies came with the paper of 
F. 8. Daft, W. H. Sebrell, and R. D. Lillie 
(Proc. Soc. Exp. Biol. Med. 50, 1 (1942)). 
In agreement with this view the conference 
on Nutritional Factors and Liver Diseases 
of The New York Academy of Sciences was 
organized as follows: Part I, Fatty Liver 
and Cirrhosis, and Part II, Liver Necrosis 
(Ann. N. Y. Acad. Set. 67, 615-962 (1954)). 

W.S. Hartroft (Ann. N. Y. Acad. Sci. 57, 
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633 (1954)) has given a detailed account of 
the sequence of microscopically demonstra- 
ble events in the livers of rats fed choline- 
deficient diets. A few hours after the be- 
ginning of feeding of the choline-deficient 
diet histologic methods show the accumula- 
tion of fat within the liver cells. To describe 
this condition Hartroft proposes the term 
intracellular lipohepatosis to replace the more 
commonly used designations such as fatty 
infiltration, which he considers ambiguous. 
(Whether ambiguity can be avoided by 
the introduction of new terminology is 
debatable since clarity of meaning rests 
largely on common adherence to the original 
definition of the term.) According to Hart- 
roft, the fat-laden cells eventually burst 
and release their contents to form rather 
large lipid pools surrounded by the partially 
ruptured parent cells. These fat aggregates 
may coalesce to form still larger fatty cysts. 
Rupture of these large cysts permits the 
escape of fat into the blood stream or the 
bile. The remaining empty cellular frag- 
ments along with their covering network of 
sinusoids and bile capillaries condense into 
fibrous structures, the fibrous trabeculae, 
marking the early stages of cirrhosis. 

After some months of low choline feeding 
and the accompanying progressive fibrosis, 
signs of cell proliferation appear. Nodules of 
new liver tissue are formed of which those 
pressing through the surface of the liver 
give to it the well known hobnail appear- 
ance. This new tissue appears somewhat 
more resistant to the low choline diets than 
the original liver tissue. It is possible that 
under suitable conditions the hyperplastic 
nodules give rise to liver tumors. 

W. D. Salmon and D. H. Copeland (Ann. 
N. Y. Acad. Sci. 57, 664 (1954)) have 
reported further on the liver tumors caused 
by choline-deficient diets. The histopa- 
thology described by them agrees in its broad 
aspects with that of Hartroft except that the 
latter found hyperplasia without actual 
tumor formation. 

The pathology of dietary necrotic liver 
degeneration was described by G. L. Fite 
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(Ann. N. Y. Acad. Sci. 57, 831 (1954)). A 
striking feature of animals fed necrosis- 
producing diets is that the livers appear 
virtually normal histologically until just 
before the onset of necrosis and death of 
the animal. The fat and glycogen content of 
the cells remains essentially normal as long 
as no lesions are apparent. In the experi- 
ments of Fite the animals died, after thirty- 
five to fifty days on the necrogenic diet, 
showing two distinctive types of liver 
pathology. In one the first changes are seen 
in the cell nucleus. In the other the cyto- 
plasm shows the first changes, with the 
nucleus later disappearing. Liver cells 
which have begun to undergo these degen- 
erative changes lose their glycogen and 
may accumulate appreciable quantities of 
fat. Mitotic activity (indicating cell divi- 
sion) is tremendously increased in some 
animals. The histologic picture in necrotic 
liver degeneration seems to be much less 
consistent from one animal to another than 
is the case in liver cirrhosis. This difference 
may in part be due to very sudden appear- 
ance of the necrotic lesions while cirrhosis 
develops much more slowly. 

Repeated episodes of dietary necrotic 
liver degeneration may occur in animals on 
certain diets. In many instances such 
episodes are accompanied by the appearance 
of bilirubin in the urine (F. W. Hoffbauer 
and B. Wittenburg, Ann. N. Y. Acad. Sci. 
57, 843 (1954)). Administration of vitamin 
E or cystine, after a period of bilirubinuria, 
prolonged survival and prevented the recur- 
rence of necrosis. This permitted the careful 
study of postnecrotic scarring. These scars 
represent healed necrotic lesions and are 
grossly visible on the surface of the liver 
lobes. Microscopically this represents the 
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disappearance of the necrotic liver cells as 
well as the reticulin framework. Regenera- 
tion has occurred by enlargement of ad- 
jacent unaffected areas. Postnecrotic cir- 
rhosis does not occur. The authors had 
hoped to produce in experimental animals 
the postnecrotic cirrhosis sometimes seen 
in man. The causes of human postnecrotic 
cirrhosis are still obscure. 

The dietary factors which protect against 
or predispose to cirrhosis or necrotic de- 
generation in experimental animals differ 
as drastically as do the microscopic appear- 
ances of the two lesions (K. Schwarz, Ann. 
N. Y. Acad. Sei. 57, 617 (1954)). Cystine, 
vitamin E and Factor 3 (Schwarz, Ibid. 57, 
878 (1954)) protect against dietary necrotic 
liver degeneration. Each is effective with- 
out the others. Methionine is somewhat 
effective perhaps because it is in part trans- 
formed into cystine. The substances which 
protect against fatty infiltration and cir- 
rhosis (choline and other methyl group 
donors, vitamin By, folacin) tend to ag- 
gravate the necrotic degenerative lesions. 
This grouping of the nutritional factors is 
oversimplified. For example cystine, which 
in suitable doses protects against necrotic 
degeneration of the liver, may in larger 
doses produce the lesion (P. Gyérgy, Ibid. 
57, 632 (1954)). 

While there are many parallels between 
the fatty infiltration and cirrhosis induced 
in experimental animals and similar lesions 
found in man, the occurrence of necrotic 
liver degeneration as a result of human 
malnutrition has not been finally estab- 
lished. The human therapeutic use of 
agents which protect other animals against 
liver injury has so far not been encourag- 
ing. 


CARTILAGE METABOLISM IN DEFICIENCIES OF VITAMIN A AND 
VITAMIN D 


Specific changes occur in the cartilage 
plates of the bony epiphysis during defi- 
ciency of vitamin A and vitamin D. The 


normal proliferation and subsequent ossi- 
fication of cartilage in this zone are pre- 
requisite for linear growth of the long bones. 
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S. B. Wolbach (J. Bone Joint Surg. 29, 171 
(1947)) has described cessation of multi- 
plication of cartilage cells in vitamin A 
deficiency. Maturation of cartilage cells 
which have not reached the vesicular stage 
is greatly retarded. When vitamin A is 
given in excess to rats there is an excessive 
proliferation and maturation of cartilage. 
A different lesion occurs in vitamin D 
deficiency. Proliferation of cartilage cells 
and their maturation appear to be normal. 
Elimination and disintegration of cartilage 
with subsequent calcification are greatly 
impaired. 

Radioactive sulfate provides a very useful 
label for the study of cartilage metabolism 
because sulfate as chondroitin sulfate is a 
major component of cartilage. D. D. 
Dziewiatkowski has used this approach for 
a study of the effects of vitamin A (J. Exp. 
Med. 100, 11 (1954)) and vitamin D (Ibid. 
100, 25 (1954)) on cartilage metabolism. 

Vitamin A deficiency was induced in rats 
by feeding a deficient diet for forty-two 
days. One group of rats was given 2 mg. of 
vitamin A intraperitoneally followed by a 
tracer dose of S**. Rats receiving only the 
vehicle of injection served as controls. The 
amount of radiosulfate accumulated during 
twenty-four hours by the femoral heads was 
measured using standard counting technics 
and estimated by radioautographs. It was 
found that rats receiving vitamin A had a 
higher uptake in the femoral heads. The 
femoral shaft which contains little or no 
cartilage accumulated less S**. By seventy- 
two hours after the administration of vita- 
min A there was little difference in the 
isotope concentration. 

Experiments were carried out in which 
the dose of vitamin A preceded the adminis- 
tration of labeled sulfate. All animals were 
killed twelve hours after sulfate was given. 
Increased accumulation of sulfate occurred 
in the femoral heads but not in the femoral 
shafts of rats receiving vitamin A as long as 
forty-eight hours prior to the administra- 
tion of S*. A similar result was obtained 
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with chondroitin sulfate isolated from rib 
cartilage and from the mucopolysaccharides 
isolated from skin. The fact that the serum 
sulfate of deficient animals was found to be 
elevated and that it returned to normal 
following vitamin A administration suggests 
that a disturbance in sulfate metabolism 
may exist which is not limited to cartilage. 

The uptake of S*° was correlated with the 
uptake of P® in deficient animals. The 
deposition of P® in bone was found to be 
more generalized, but there was some con- 
centration in the diaphysis adjacent to the 
epiphyseal cartilage. The accumulation of 
P® in deficient animals was increased by 
vitamin A administration. 

The metabolism of cartilage in vitamin D 
deficiency has been similarly studied. When 
rachitic rats were given vitamin D and a 
tracer dose of S** the accumulation of the 
isotope was not increased when studied at 
intervals for one hundred twenty hours. 
When the dose of vitamin D preceded the 
administration of tracer by a period of six 
hours, the vitamin-treated rachitic rats de- 
posited 40 per cent more sulfate in the 
epiphyseal area than did control rachitic 
rats. This effect could be demonstrated 
when the period between isotope and vita- 
min administration was extended up to 
forty-eight hours. 

Chondroitin sulfate, isolated from the rib 
cartilage of rachitic rats, contained as much 
radiosulfate as did that from normal rats 
treated in the same manner. Vitamin D, 
however, increased the uptake of sulfate in 
the vitamin-deficient animal. 

From these radiochemical studies it is 
apparent that the metabolism of chon- 
droitin sulfate is different in vitamin A de- 
ficiency from what it is in vitamin D 
deficiency. In the former nutritional dis- 
turbance a decreased rate of synthesis of 
chondroitin sulfate exists. This defect can 
be rapidly remedied by the administration 
of vitamin A. The rate of degradation of 
chondroitin sulfate is also increased by 
vitamin A as judged by the observation 
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that accumulated S* disappeared more 
rapidly in treated than in untreated vita- 
min A-deficient animals. The arrest of bony 
growth in vitamin D deficiency is associated 
with impaired utilization of chondroitin 
sulfate, whereas synthesis appears to be 
normal. An increased rate of incorporation 
occurs rapidly after treatment of vitamin 
D-deficient rats and this precedes the pre- 
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viously recognized acceleration of the up- 
take of phosphorus and calcium. 

The interpretations derived from these 
radiochemical studies correlate well with 
older histopathologic observations. The ele- 
gance and the quantitative nature of the 
technics used make the present studies 
important contributions to this field of 
nutrition. 


BIOLOGIC UTILIZATION OF FATTY ACID ISOMERS 


Fat is more than a concentrated source 
of calories in the diet, since it acts directly 
as a vehicle for essential nutrients or as a 
sparer of other essential dietary components. 
It has been well demonstrated that animal 
and vegetable fats are equally effective in 
nutrition. In such studies and comparisons, 
some vegetable fats were hydrogenated 
under selective conditions, as for margarine 
manufacture, and under nonselective condi- 
tions, as for shortening manufacture. The 
primary difference is the preferential con- 
version, under selective conditions, of 
linoleic acid to oleic and iso-oleic acids 
rather than oleic to stearic acid. Critical 
studies recently reported by D. Melnick 
and H. J. Deuel (J. Am. Oil Chem. Soc. 31, 
63 (1954)) were designed to determine 
whether or not the fatty acid isomers, re- 
sulting from the hydrogenation of vegetable 
oils, differ in nutritional value from the 
naturally occurring fatty acids. 

In commercial applications the fates of 
only three unsaturated fatty acids are 
important: oleic, linoleic and linolenic. In 
nature these exist primarily in the cis forms. 
The latter two are essential fatty acids for 
the animal organism, that is, they must be 
furnished preformed in the diet. Hydro- 
genation conditions determine in _ large 
measure the relative quantities of the 
isomers in commercial fats. Under selective 
conditions (involving higher temperatures, 
reduced hydrogen pressures, minimal agita- 
tion, and increased catalyst concentration) 


preferential hydrogenation of those acids 
containing active methylene groups (lin- 
oleic) occurs in preference to acids devoid 
of such groups (oleic). Isomers arise from 
(1) addition of hydrogen at a double bond 
not normally saturated by natural proc- 
esses, (2) migration of double bonds with 
or without addition of hydrogen, and (3) 
conversion of cis to trans forms. The trans 
isomers are more resistant to oxidation than 
the natural cis acids. The trans iso-oleic 
acids have higher melting points than the 
cis oleic acids, but less than that of stearic 
acid. These factors led to universal use of 
selective conditions of hydrogenation in 
margarine manufacture to produce a fat 
with desired table qualities and resistance 
to oxidative deterioration. 

The Lactobacillus arabinosus microor- 
ganism and the rat were used for assay 
purposes in these studies. The first is able 
to utilize oleic acid in place of biotin in the 
growth medium and the rat responds like 
man in respect to many related dietary 
factors. When five cis oleic acid isomers 
(with different positions of the double bond) 
were compared for biotin equivalence, no 
great differences were found. The trans oleic 
acids were quite different, however. The 
trans-9:10-octadecanoic acid (elaidic) pos- 
sessed the greatest biotin-like effect, equal 
to that of normal oleic acid. As the position 
of the double bond moved to either side of 
the 9:10 position, the potency decreased 
until little or no activity remained and as 
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increasing toxic effects on L. arabinosus 
became evident with increased dosages. 
Biotin counteracted these toxic effects. 
Thus, in the absence of biotin, the trans 
iso-oleic acids, except for elaidic acid, are 
not efficiently utilized by the microor- 
ganism. Biotin might well be required for 
the isomerization or the absorption of the 
trans acids. Biotin is normally abundant in 
the animal’s digestive tract. The iso acids 
formed during hydrogenation exhibited no 
antimetabolite activity toward the natural 
oleic acid remaining nor did mixed fatty 
acids inhibit growth of the microorganisms 
at any dosage levels employed. 

With rats it was shown that conjugated 
fatty acids are not antimetabolites for the 
essential fatty acids. Due to preferential 
hydrogenation of conjugated fatty acids, 
no hydrogenated fat prepared for human 
consumption would contain as high a ratio 
of conjugated to linoleic acid as samples fed 
in these studies. Studies on ketonuria in 
relation to fatty acids and carbohydrates 
fed to rats indicate that the identity of 
metabolism of conjugated fatty acid (sorbic 


[February 


acid) and the normally occurring fatty acid 
(caproic acid) must also be true for the 
human being. 

Cottonseed oil, margarine oils, butter 
oils and shortenings were compared as to 
fatty acid composition (by spectrophoto- 
metric analysis) and essential fatty acid 
content (by biologic assay). Relative values 
agreed well and it was concluded that se- 
lectively hydrogenated oils for margarine 
manufacture are better sources of essential 
fatty acids than natural butter oils. A strik- 
ing difference was noted between the bio- 
logic potencies of shortenings hydrogenated 
under different conditions (five- to ten-fold 
in favor of the nonselective method). Spec- 
trophotometry indicated a three-fold differ- 
ence. Hydrogenated fats compare favorably 
with natural fats of comparable firmness 
as sources of essential fatty acids. Although 
hydrogenation lowers the essential fatty 
acid content of vegetable oils, linoleic acid 
isomers can be formed which exhibit ac- 
tivity as essential fatty acids, but which 
may resist spectrophotometric detection. 


ANTIBIOTICS AND GROWTH 


The favorable effect of antibiotics on the 
growth of experimental animals has been 
reported from a number of laboratories. 
One way of demonstrating this action is to 
incorporate the antibiotic into a ration 
containing suboptimal amounts of some 
essential nutrient, particularly a vitamin 
of the B-complex. There exists strong evi- 
dence that the antibacterial agents exert 
their growth-promoting action by altering 
the intestinal flora, particularly the coliform 
group (see Nutrition Reviews 12, 244 (1954)). 
W. J. Monson et al. (J. Nutrition 52, 627 
(1954)) have supplied additional informa- 
tion on this process. 

Using chicks as their experimental ani- 
mals, these investigators fed purified rations 
containing very little folacin (25 micro- 
grams per 100 g. of diet) when sucrose was 


used or none at all when dextrin was em- 
ployed. The intestinal organisms were 
counted and the coliform bacteria were 
isolated and tested for their ability to pro- 
duce folacin. The intestinal contents and 
the livers of some animals were analyzed 
for their folacin content. 

As expected, growth of the folacin-re- 
stricted chitks was improved by antibiotic 
supplementation (either aureomycin or a 
combination of penicillin and bacitracin). 
The stimulation was less pronounced on 
the dextrin-containing rations, possibly be- 
cause they contained no added folacin. 
Inclusion of the antibiotics in the ration 
made possible the isolation of coliform 
bacteria showing greater ability to syn- 
thesize the lacking vitamin than was shown 
by similar organisms isolated from animals 
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not receiving the antibiotics. The increased 
synthetic activity was shown especially by 
coliforms isolated from the ileum. Only two 
days of antibiotic feeding were required to 
induce a high folacin-producing flora in the 
ileum. After three days a similar change 
occurred in the duodenum. Surprisingly, 
little or no change occurred in the ability of 
the cecal flora to synthesize the limiting 
vitamin. In a more detailed experiment it 
was shown that the antibiotics, when added 
to the low-folacin diet, supported a rate of 
growth virtually identical with that ob- 
served with higher folacin levels in the 
absence of the antibiotics. The inclusion of 
the antibacterial agents in the experimental 
rations led to a doubling of the folacin 
content of the liver, further evidence that 
synthesis of the vitamin had been increased. 


NUTRITION REVIEWS 55 


The folacin level of the intestinal contents 
remained unchanged since any vitamin re- 
leased by the intestinal microorganisms 
was probably immediately absorbed. 

The increased growth rate of chicks re- 
ceiving limiting amounts of folacin plus a 
supplement of antibiotics is in part then 
due to the establishment of an intestinal 
flora capable of synthesizing greater quanti- 
ties of the limiting vitamin. The organisms 
chiefly responsible appear to be strains of 
coliform bacteria. In the chick, under the 
experimental conditions employed in this 
work, the change in flora appears to be in 
the small intestine rather than in the cecum. 
It would have been helpful to the readers 
of this paper if the numbers of microor- 
ganisms present in the various parts of the 
alimentary tract had been reported. 


RHYTHMIC GROWTH RESPONSE TO INJECTED THIAMINE 


In nutritional research it is at times de- 
sirable to administer to the experimental 
animal a single nutrient in precisely known 
amounts. Incorporation of the substance 
into the animal’s ration is a simple proce- 
dure but subject to considerable error 
because of the difficulty of determining 
accurately the amount of food and test 
nutrient consumed. Oral administration by 
stomach tube or parenteral administration, 
while involving more of the investigator’s 
time, provide much greater certainty as to 
the dosage actually supplied. On the other 
hand, such direct routes of administration 
ean hardly be considered physiological, 
particularly if the nutrient is given in but 
a single dose per day. Furthermore, there 
is little information as to the physiologic 
effectiveness of nutrients directly adminis- 
tered either by oral or parenteral means. 
Some of this information has been supplied 
by P. E. Waibel, W. W. Cravens, H. R. 
Bird, and C. A. Baumann (J. Nutrition 
52, 65 (1954)) who have investigated the 
relationship between the frequency of thi- 
amine administration and growth efficiency. 


In this study newly hatched chicks were 
fed an adequate, purified ration from the 
first to the seventh day of life. At 7 days of 
age thiamine was eliminated from the ra- 
tion. On the ninth and tenth days each 
animal received by subcutaneous injection 
a moderate dose of thiamine. Thereafter, 
chicks of uniform weight were selected for 
the several experimental groups. Two such 
groups served as controls, receiving thi- 
amine incorporated into the ration. Other 
groups received thiamine by subcutaneous 
injection at intervals of twelve, twenty- 
four, forty-eight, or ninety-six hours. The 
amounts of injected thiamine were progres- 
sively increased to keep pace with the 
growth of the experimental animals. 

Animals receiving thiamine in the diet 
showed a diurnal growth rhythm, those 
receiving adequate dietary thiamine show- 
ing only slight growth during the night but 
marked growth during the daytime. Those 
animals receiving less than adequate dietary 
thiamine showed some growth during the 
daytime but usually slight weight loss dur- 
ing the night. This diurnal rhythm existed 
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despite continuous artificial illumination 
and constant availability of food. In the 
animals receiving thiamine by subcutaneous 
injection, the diurnal rhythm was again 
evident. It could, however, be reversed in 
those animals receiving injections at twenty- 
four-hour intervals by administering the 
thiamine at 8 p.m. instead of at 8 a.m. 
The total weight gains during the six- 
teen-day experimental period were de- 
pendent upon the frequency of the injec- 
tions, although all the animals receiving 
subcutaneous doses of thiamine received the 
same total amount of the vitamin for the 
sixteen-day period. The difference in final 
weights of animals injected at twelve and 
at twenty-four-hour intervals was slight. 
The groups injected at forty-eight-hour and 
ninety-six-hour intervals gained consider- 
ably less weight. These animals showed 
marked weight gain immediately after the 
injections. This gain in weight, however, 
was followed by sharp weight losses prior to 
the next injection. Calculation of the effi- 
ciency of the thiamine injections in terms 
of micrograms of thiamine required per 
gram of weight gain gave the following 
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results: a value of 1.8 for animals injected 
twice daily; 2.2 for those injected once each 
day; 3.5 for those injected every other day, 
and 4.8 for those injected every fourth day. 

The authors point out that in the experi- 
ment in which the diurnal rhythm was 
reversed by thiamine administration in the 
evening, the weight gains following the in- 
jections and the subsequent weight losses 
prior to the next injection were smaller 
than when the thiamine was injected in the 
morning. Therefore they consider that there 
exist two types of growth responses, one a 
fundamental rhythm, the other the effect 
of a thiamine-induced increase in food and 
water consumption. When the injections 
were made in the morning, these two proc- 
esses tended to reinforce each other. When 
the vitamin was injected in the evening, the 
two effects tended to cancel each other. In 
addition, the study brings out clearly the 
need for frequent injections when a labile, 
water-soluble substance such as thiamine 
is being administered. Only with relatively 
frequent injections can one hope to simulate 
conditions obtaining when the nutrient is 
mixed with the ration. 


FOLACIN AND “ONE-CARBON” METABOLISM 


Folacin deficiency in animals results in a 
variety of aberrations in the metabolism of 
one-carbon compounds. These include the 
synthesis and transfer of the methyl group, 
and the utilization of one-carbon com- 
pounds in the synthesis of serine, purines 
and thymine (A. D. Welch and C. A. Nichol, 
Ann. Rev. Biochem. 21, 633 (1952)). The 
chemical nature of the one-carbon com- 
pound used in these synthetic reactions 
has not been elucidated; however, the 
formate ion readily enters into these reac- 
tions. It seems probable that either formate 
or some derivative of formate, possibly in 
combination with a coenzyme, is the active 
one-carbon fragment. A considerable body of 
data indicates that a derivative of folacin, 
the Leuconostoc citrovorum factor, serves as 


a transformylating coenzyme (G. R. Green- 
berg, J. Am. Chem. Soc. 76, 1458 (1954)). 

In view of the large number of biochemical 
reactions in which formate participates, 
information concerning its metabolism is of 
considerable interest. The known formate 
precursors jnclude the methyl groups of 
choline, methionine and sarcosine, the beta 
carbon of serine, the methylene carbon of 
glycine, acetone, and histidine. In addition 
to its utilization in the synthesis of serine, 
purines and thymine, formate serves as a 
precursor of the methyl group. The latter 
reaction proceeds at a rate adequate to 
meet the methyl requirements of animals 
under certain conditions (M. A. Bennett, 
G. Medes, and G. Toennies, Growth 8, 59 
(1944)). 








~~ © te ©0 OA BD WD DB 


~~ se > hue hur. CU hurt hCOoL 


fe 








1955] 


The observable metabolic effects of 
folacin deficiency in animals are not all 
readily explainable on the basis of an im- 
pairment in transformylation reactions. It 
has been suggested that folacin is concerned 
in formate production, particularly from 
the methylene carbon of glycine (J. R. 
Totter, E. Volkin, and C. E. Carter, J. Am. 
Chem. Soc. 73, 1521 (1951)). A study of the 
influence of folacin deficiency on the metab- 
olism of formate by rats has been reported 
by B. Friedmann, H. I. Nakada, and §. 
Weinhouse (J. Biol. Chem. 210, 413 (1954)) 
and Weinhouse and Friedmann (J/bid. 210, 
423 (1954)). These workers determined the 
influence of folacin deficiency in the rat 
on formate oxidation and on the rate of 
formate production from a variety of pre- 
cursors. 

Folacin deficiency was produced by the 
feeding of a purified diet containing suc- 
cinylsulfathiazole. Controls were given this 
diet supplemented with folacin, and a third 
group of rats was given a diet of natural 
foodstuffs. Animals were maintained on the 
diets for approximately three months before 
they were used for the experiments. 

In the first experiments rats from each of 
the groups were injected with C-labeled 
sodium formate and the amount of the dose 
appearing as respiratory carbon dioxide and 
as urinary formate was determined. Folacin 
deficiency resulted in a reduction in the 
oxidation of formate to carbon dioxide. In 
the control animals approximately one third 
of the administered formate appeared as 
respiratory carbon dioxide within six hours. 
This figure was reduced to approximately 
17 per cent of the administered dose in the 
folacin-deficient animals. Folacin deficiency 
did not affect the amount of the adminis- 
tered formate which was excreted as for- 
mate in the urine. Approximately 40 per 
cent of the administered dose was excreted 
in the urine during the six-hour collection 
period. 

Additional data on the influence of folacin 
deficiency on the oxidation of formate were 
obtained from in vitro experiments. Radio- 
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active sodium formate was incubated with 
liver, kidney and heart homogenates from 
control and folacin-deficient rats. Ho- 
mogenates of each of the tissues from de- 
ficient rats produced approximately one-half 
the amount of radioactive carbon dioxide 
that was produced by homogenates from 
normal rats. Thus the in vitro data agreed 
very well with the in vivo observation of the 
influence of folacin deficiency on formate 
oxidation. 

The next series of experiments was de- 
signed to study the influence of folacin 
deficiency on the production of formate by 
rats. The experimental procedure consisted 
of injecting various radioactive precursors 
and then determining the quantity of radio- 
active formate excreted in the urine over a 
six-hour period. In addition, determinations 
were made of the amount of radioactive 
carbon dioxide expired during the six-hour 
observation period. The radioactive pre- 
cursors employed were methyl-labeled cho- 
line, methionine and sarcosine, and methyl- 
ene-labeled glycine. 

Similar results were obtained with each 
of the methyl-labeled compounds. Folacin- 
deficient animals converted much more 
methyl to formate than did the control 
animals. Folacin deficiency did not affect 
the conversion of methyl to respiratory 
carbon dioxide. The increase in the rate of 
conversion of methyl to formate as a result 
of folacin deficiency was quite marked, 
averaging approximately ten-fold for cho- 
line and methionine methyl, and approxi- 
mately three-fold for sarcosine methyl. 

In contrast to the results obtained with 
the methyl-labeled precursors, folacin de- 
ficiency resulted in a decrease in the rate of 
formate production from glycine. The de- 
ficient animals produced less than one-third 
as much formate from methylene-labeled 
glycine as did the control animals. The 
conversion of the methylene carbon of 
glycine to carbon dioxide was also reduced 
in the folacin-deficient rats. 

Assuming that the excretion of formate 
in the urine is a valid measure of the rate 
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of formate production, these experimental 
results demonstrate that folacin deficiency 
in the rat results in an accelerated conver- 
sion of methyl to formate and an impaired 


_ conversion of glycine to formate. In order to 


assess the importance of these observations 
it is necessary to have quantitative data 
concerning the contributions of the various 
precursors to the formate supply of the 
animal. Such information can be obtained 
from isotopic experiments only when the 
relative pool size and hence the dilution of 


[February 


the injected material is known. If glycine 
is a major source of formate to the animal, 
it is possible to explain a large number of 
the metabolic derangements which accom- 
pany folacin deficiency on the basis of an 
impaired conversion of glycine to formate. 
Under such conditions the conversion of 
methyl to formate might be increased in an 
effort to supply formate to the animal and 
this in turn would lead to a decrease in the 
availability of methyl for the methylation 
reactions. 


LIPOCAIC 


The fatty liver which occurs in de- 
pancreatized dogs maintained on insulin has 
elicited a great deal of research and has 
resulted in many nutritional advances. 
When pancreas is added to the diet it can 
prevent or cure this type of fatty liver. The 
activity was shown to be due in part to 
choline (C. H. Best and M. E. Huntsman, 
J. Physiol. 75, 405 (1932); Best, G. C. 
Ferguson, and J. M. Hershey, Ibid. 79, 94 
(19383)). J. Van Prohaska, L. R. Dragstedt, 
and H. P. Harms (Am. J. Physiol. 117, 166 
(1936)) stated that choline was probably 
not the substance in the pancreas which was 
effective in prolonging the survival of de- 
pancreatized dogs and in preventing the 
fatty liver. They based their argument upon 
the finding that the minimum effective dose 
of choline required to cure fatty livers in 
depancreatized dogs was many times greater 
than that contained in the raw pancreas 
present in their diets. They also observed 
that raw brain, which is a rich source of 
choline, was inactive in preventing the 
fatty livers in depancreatized dogs. Further 
work by these investigators resulted in the 
preparation of alcoholic extracts of pancreas 
that on feeding at a level of 2 to 4 g. per 
day to depancreatized dogs treated with 
insulin permitted normal survival and pre- 
vented fatty liver (Dragstedt, Van Prohaska, 
and Harms, /bid. 117, 175 (1936)). The 
substance was thought to be a new hormone 


which they called lipocaic. The word lipocaic 
is derived from two Greek words meaning 
“fat” and “I burn.” 

Dragstedt and his group (loc. cit.) showed 
that lipocaic was soluble in water, 5 per cent 
saline, 60 per cent ethanol, and glacial acetic 
acid, and insoluble in 70 per cent ethanol. 
It was precipitated from 0.75 saturated 
ammonium sulfate and from a solution in 
glacial acetic acid by 3 to 4 volumes of 
ethyl ether. The preparation contained no 
proteolytic activity and was not dialyzable. 

A pancreas concentrate was prepared by 
C. Entenman, I. L. Chaikoff, and M. L. 
Montgomery (J. Biol. Chem. 1565, 4573 
(1944)). It was active when fed at daily 
doses of 60 mg. to dogs in which the pan- 
creatic duct was ligated. They used a method 
that was slightly different from that of 
Dragstedt and secured a material that was 
soluble in dilute acid and precipitated by 
0.25 saturated ammonium sulfate solutions. 
Chaikoff’s group further concentrated the 
pancreas preparation with the result that 
10 mg. per dog per day was active (Chaikoff 
and Entenman, Advances in Enzymology 8, 
171 (1948)). 

Chaikoff and Entenman observed that 
the blood choline level decreased in de- 
pancreatized dogs when no_ pancreatic 
extracts were fed; no such change in plasma 
choline occurred when pancreas was fed. 
The lean meat fed the dogs provided them 
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with about 0.5 g. choline and 3 g. methionine 
per day, which was more than enough to 
prevent fatty livers in normal dogs. For 
this reason they felt that there was some 
disturbance in the mechanism whereby 
bound choline and methionine in the food 
was liberated or that there was some block 
in the synthesis of choline in the depan- 
creatized dog. They proposed that the 
antifatty-liver factor of pancreas is a 
proteolytic enzyme without which ingested 
proteins cannot exert their lipotropic action 
(I. L. Chaikoff, C. Entenman, and M. L. 
Montgomery, J. Biol. Chem. 160, 489 
(1945)). Additional support for this thesis 
was the finding that hydrolyzed casein 
present in the diet was more effective than 
equivalent amounts of unhydrolyzed casein 
in preventing fatty livers (Chaikoff, Enten- 
man, and Montgomery, Ibid. 168, 177 
(1948)). These workers recognized that their 
theory was not entirely adequate since they 
had prepared active preparations from 
pancreas which had no proteolytic activity 
(Chaikoff and Entenman, loc. cit.). 

Further work from this laboratory (M. L. 
Montgomery, C. Entenman, I. L. Chaikoff, 
and H. Feinberg, J. Biol. Chem. 185, 307 
(1950)) indicated that the oral administra- 
tion of as little as 5 mg. of crystalline 
trypsin to each lean meat meal prevented 
the development of fatty liver in insulin- 
treated depancreatized dogs. 

C. H. Best (Fed. Proc. 9, 506 (1950)) 
implied that the beneficial effects of pancreas 
feeding to depancreatized dogs could be 
accounted for by such recognized lipotropic 
agents as choline, methionine and vitamin 
By. This, he felt, was strengthened by the 
fact that Palmer, working in his laboratory, 
had isolated a number of crystalline enzymes 
from pancreatic concentrates (Best, Science 
103, 207 (1946)). 

In an effort to resolve the discrepancies 
in the results secured by the other workers in 
this field, J. F. Canepa, M. I. Grossman, and 
A. C. Ivy (Am. J. Physiol. 156, 387 (1949)) 
studied the effect of pancreatic extracts 
prepared by the procedures of both Dragstedt 
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and Chaikoff. When either preparation was 
fed to a dog the pancreatic duct of which 
had been ligated twelve or more weeks 
earlier (that period of time being required 
for the development of fatty livers in these 
dogs), both of the preparations restored the 
blood lipid level to normal. They studied 
the blood lipid levels only, since the level 
thereof decreased following ligation of the 
pancreatic duct. The two preparations 
differed, however, in their ability to cure 
the fatty liver occurring in rats fed a high 
fat, low protein diet. On this basis they 
suggested that there are two substances in 
the pancreas which can exert a lipotropic 
effect in dogs with a ligated pancreatic duct. 
Inositol, administered either orally or 
parenterally, crystalline trypsin, chymo- 
trypsin and carboxypeptidase given by 
mouth had no effect on the low blood lipid 
levels of the pancreatic duct-ligated dogs. It 
appears from the work of M. L. Mont- 
gomery, C. Entenman, and I. L. Chaikoff 
(J. Biol. Chem. 128, 387 (1939)) that liga- 
tion of the pancreatic duct in dogs produces 
a fatty liver similar to that seen in depan- 
creatized dogs. In some of the more recent 
work from Dragstedt’s laboratory (L. R. 
Dragstedt, W. B. Neal, and G. R. Rogers, 
Proc. Soc. Exp. Biol. Med. 76, 785 (1950)) 
both types of dogs have been used in studies 
on the stability of lipocaic. Since no differ- 
ence in response was noted, it must be 
assumed that the two types of dog are inter- 
changeable in these experiments. 

A recent publication from Dragstedt’s 
laboratory reports additional studies made 
with depancreatized dogs in which the 
diabetes was controlled and glycosuria pre- 
vented by insulin (L. R. Dragstedt, J. 8. 
Clarke, G. R. Rogers, and P. V. Harper, 
Am. J. Physiol. 177, 95 (1954)). After the 
dogs had recovered from surgery, they were 
fed a diet of horse meat, bread, sucrose, 
milk, suet, bone meal and brewers’ yeast. 
Needle biopsies of the liver were secured 
at intervals; at the same time serum lipids, 
serum alkaline phosphatase, serum proteins 
and blood hemoglobin levels were deter- 
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mined. The dogs on the basal diet showed a 
decrease in body weight, a disappearance of 
body fat, and an increase in alkaline phos- 
phatase of the serum. There was a decrease 
in the amount of insulin required to prevent 
glycosuria, a decrease in the concentration of 
blood lipids, the development of fatty 
infiltration of the liver, and an increase in 
sensitivity to insulin resulting in hypo- 
glycemic convulsions which were difficult to 
prevent. Some or all of these findings ap- 
peared in about 90 per cent of the insulin- 
treated depancreatized dogs. Occasionally, 
six months to a year were required for the 
deficiency symptoms to develop, but it 
appears that most of the animals developed 
the signs during the first few months. 

The effectiveness of pancreas, liver and 
salivary gland tissues was assayed by adding 
them to the diet in place of an equivalent 
amount of horse meat. Both preventive and 
curative assays were carried out. Addition 
of 200 g. of raw pancreas in all cases was 
effective in restoring deficient dogs to nor- 
mal, or in preventing the appearance of any 
deficiency signs when the curative assay was 
earried out. Autoclaving the pancreas for 
thirty minutes at 15 pounds pressure did not 
appear to destroy any of the lipocaic activity. 
Both the fresh and the autoclaved pancreas 
was assayed for enzymatic activity accord- 
ing to the method of M. L. Anson (J. Gen. 
Physiol. 22, 79 (1938)). Raw pancreas 
liberated an average of 121 micrograms of 
tyrosine per milligram of pancreas, whereas 
the pancreas that had been autoclaved for 
thirty minutes liberated only an average of 
5.2 micrograms of tyrosine per milligram of 
pancreas. Pancreas that had been auto- 
claved for one hour showed almost complete 
absence of any tyrosinase activity. In spite 
of the absence of enzymatic activity, the 
pancreas autoclaved for sixty minutes ap- 
peared to contain most of its original lipocaic 
activity. Autoclaving the pancreas for three 
hours appeared to destroy a considerable 
amount of the lipocaic activity. The addi- 
tion of 200 g. of liver that had been auto- 
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claved for three hours was as effective as the 
raw pancreas in maintaining the animals in 
a normal state. Salivary glands autoclaved 
for thirty minutes appeared to have no 
lipocaic activity. 

The preceding report makes no reference 
to the work that was done by D. K. Boss- 
hardt, L. S. Cieresko, and R. H. Barnes 
(Am. J. Physiol. 166, 433 (1951)), who pre- 
pared a pancreas extract which differed in 
chemical and physical properties from those 
which had been studied previously. This 
preparation, in conformity with the observa- 
tion of Canepa et al. (loc. cit.), was inactive 
in preventing the fatty livers occurring in 
mice fed a high fat, low protein, choline-free 
diet, but it was active at a level of 10 mg. per 
dog per day in preventing the appearance 
of fatty livers in depancreatized dogs 
(latter work done by Entenman and 
Chaikoff). This preparation had no proteo- 
lytic activity. The activity of this lipotropic 
factor in depancreatized dogs was also 
noted by J. E. Rhoads et al. (Am. J. Physiol. 
166, 436 (1951)). They also noted that when 
this lipotropic factor was heated it became 
inactive in the dog assay. 

M. L. Haanes and P. Gyérgy (Am. J. 
Physiol. 166, 441 (1951)) thought that the 
lipotropic factor prepared by Bosshardt 
et al. (loc. cit.) might be an enzyme. Incu- 
bation of the lipotropic factor with pepsin- 
predigested casein for one hundred and 
twenty hours showed no proteolytic activity 
as measured by the amount of methionine 
liberated or amount of casein hydrolyzed. 
When the conditions in the intestinal tract of 
the dog were simulated by adjusting the 
pH of the digestion mixture to 8.0 after 
the pepsin predigestion and then adding a 
preparation of hog duodenal mucosa, the 
lipotropic substance released large amounts 
of methionine. The duodenal mucosa in the 
absence of the lipotropic factor released 
only one-half as much methionine. Duodenal 
juice from a depancreatized dog provided a 
substance which had no proteolytic activity 
when tested alone but which stimulated the 
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lipotropic factor to produce a maximum 
casein hydrolysis. The stimulating sub- 
stance in duodenal juice was heat-labile, 
nonproteolytic, and had a pH optimum of 
7.5 to 8.0. In this respect, it was similar to 
enterokinase. 

A crude enterokinase prepared by Haanes 
and Gyérgy (loc. cit.) was similar in its 
action to the substance in duodenal juice. 
Since the primary function of enterokinase 
is to convert trypsinogen to trypsin, they 
checked other means of securing that 
result. The addition of small amounts of 
trypsin activates trypsinogen. To their 
surprise, they noted an inhibition in pro- 
teolytic activity when trypsin was added to 
the incubation mixture containing the 
lipotropic factor. This was the first indica- 
tion of the presence of an inhibitor in the 
lipotropic factor. Support for this suggestion 
was obtainable from the isolation by L. A. 
Kazal, D. 8. Spicer, and R. A. Brahinsky 
(J. Am. Chem. Soc. 70, 3034 (1948)) of a 
trypsin inhibitor in a by-product resulting 
from the production of insulin—the lipo- 
tropic factor also was a by-product of insulin 
production. By means of the method of M. 
Kunitz and J. H. Northrop (J. Gen. Physiol. 
19, 991 (1935-1936)) Haanes and Gyérgy 
(loc. cit.) separated an inhibitor from the 
lipotropic factor. After the lipotropic factor 
was freed from the inhibitor, it showed 
proteolytic activity when tested alone on 
the casein. The addition of duodenal mucosa 


NUTRITION REVIEWS 61 


to the inhibitor-free fraction had no in- 
fluence on its proteolytic activity but still 
activated the unfractionated  lipotropic 
factor. Additional work indicated that the 
proteolytic substance in the lipotropic factor 
was probably trypsin. These workers recog- 
nized that they must still show that the 
lipotropie factor can 
digestion in the stomach. 
On the basis of these reports, it would 
appear that the factor prepared by Chaikoff 
and his group is probably a mixture of 
trypsin inhibitor and trypsin which fune- 
tions in the digestive tract to liberate 
methionine, or choline, or both from dietary 
protein. The inhibitor in their preparation is 
probably inactivated by the duodenal juice 
in their dogs. It is, however, still difficult to 
explain Dragstedt’s observation in the same 
way. Since Dragstedt et al. (Am. J. Physiol., 
loc. cit.) stated that thirty minutes’ auto- 
claving at 


withstand peptic 


15 pounds pressure did not 
change the activity of lipocaic, it would 
appear that lipocaic could not be an enzyme. 
Furthermore, trypsin was shown by Canepa, 
Grossman, and Ivy (loc. cit.) to be inactive 
in one phase of this problem (reducing the 
high lipid level in depancreatized dogs). One 
can only hope that such technics of protein 
isolation and 


characterization as electro- 


phoresis, centrifugal sedimentation, and 
chromatography will soon be applied to 


this problem. 


ACTION AND DISTRIBUTION OF VITAMIN D 


One of the important functions of vitamin 
D is to regulate the deposition of calcium 
and phosphorus in developing as well as in 
mature bone. The means by which this 
regulation is carried out is not known 
although there has been much debate on the 
subject. 

In order to shed some light on the role of 
vitamin D in the calcification of bone, 
P. G. Tulpule and V. N. Patwardhan 


(Biochem. J. 58, 61 (1954)) have studied 
anaerobic glycolysis and pyruvate oxidation 
by cartilage from normal and from vitamin 
D-deficient rats. Glycolysis, the initial series 
of chemical reactions by which glucose or 
glycogen releases some of its energy for use 
by the living cell, gives rise to a variety of 
phosphate-containing compounds. These 
have long been considered important in the 
calcification of bone since they may liberate 
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large amounts of inorganic phosphate when 
acted upon by the enzyme phosphatase. 
The high concentration of phosphate thus 
created has been thought to bring about 
the precipitation of calcium phosphate 
during calcification. On the other hand, if 
calcification requires a large quantity of 
energy and if citrate is involved in this 
process, as has been reported, then the 
process of bone formation might depend 
heavily on the conversion of pyruvate to 
citrate and the subsequent oxidation of the 
citrate. 

In this study very thin slices of rat 
cartilage were incubated in a medium 
capable of sustaining metabolic activity, 
and the carbon dioxide production was 
measured. The first few days of feeding a 
rachitogenic diet resulted in a large increase 
in carbon dioxide production of the cartilage 
slices. After fifteen days on the deficient diet 
carbon dioxide production of cartilage 
slices was identical with that of tissue taken 
from control rats receiving vitamin D. 
From these data it would appear that a 
deficiency in vitamin D does not retard the 
anaerobic breakdown of carbohydrate. On 
the other hand, the oxidation of pyruvate by 
cartilage slices was virtually abolished after 
twenty days of feeding a rachitogenic diet. 
This effect may be limited to cartilage, since 
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liver and kidney homogenates from rachitic 
rats showed a normal capacity to oxidize 
pyruvate. It is unfortunate, perhaps, that 
the possible effects of reduced food intake 
by the rachitic animals was not taken into 
consideration. The effects of inanition, if 
any, and of vitamin D deficiency proper 
might be separated through further ex- 
perimentation. 

E. M. Cruickshank, E. Kodicek, and P. 
Armitage (Biochem. J. 58, 172 (1954)) 
have reported on the distribution of vitamin 
D in the tissues after oral administration of 
a large dose of the vitamin. As shown pre- 
viously, the liver contained a very large 
fraction of the total vitamin D of the body, 
and the concentration of vitamin D was high 
in the liver. Muscle and skin, although 
containing only low concentrations of the 
vitamin, together accounted for 20 to 40 
per cent of the total. Kidneys showed a 
high concentration but, because of their 
small size, contained only a small fraction 
of the total body vitamin D content. 
Lungs, spleen and adrenals showed moder- 
ately high concentrations but low total 
amounts. Some beginning is therefore being 
made on the specific role of vitamin D in 
cellular processes and in the metabolism of 
the vitamin itself. 
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NOTES 


Cystine from Inorganic Sulfur in the 
Laying Hen 


It has been shown that ruminants are 
able to utilize the sulfur of orally admin- 
istered inorganic sulfate for the synthesis of 
cystine and methionine (R. J. Block, J. A. 
Stekol, and J. K. Loosli, Arch. Biochem. 
Biophys. 33, 353 (1951)). This utilization is 
believed to be due to the activity of micro- 
organisms in the rumen of these animals. In 
contrast, the rat is unable to utilize inor- 
ganic sulfur for the synthesis of sulfur-con- 
taining amino acids (H. Tarver and C. L. 
A. Schmidt, J. Biol. Chem. 130, 67 (1939)). 

L. J. Machlin, P. B. Pearson, C. A. 
Denton, and H. R. Bird (J. Biol. Chem. 
205, 213 (1953)) have reported that when 
the laying hen is injected with sulfate 
labeled with S* the radioactive sulfur ap- 
pears in cystine isolated from the eggs. In 
two trials a total of 5 hens were injected 
daily with sulfate containing radioactive 
S*. Eggs collected on the sixth, seventh 
and eighth days of injection were pooled 
for cystine isolation. Two different pro- 
cedures were employed for the isolation, 
and cystine isolated by both procedures was 
found to exhibit appreciable radioactivity. 
It was also found that precipitation of the 
sulfate and cystine from the egg hydroly- 
sates removed all the radioactivity, thus 
indicating that the administered inorganic 
sulfate had not been converted to methi- 
onine. To confirm the absence of radio- 
active methionine the hydrolysates were 
subjected to chromatography. The cystine 
thus separated contained significant radio- 
activity while the methionine was inactive. 

These results clearly indicate that the 
laying hen is able to utilize inorganic sulfur 
for the synthesis of cystine. The quantita- 
tive extent of this utilization, particularly 
when the hens are fed diets deficient in the 
sulfur-containing amino acids, remains to 


be determined. The absence of radioactivity 
in the methionine indicates that the labeled 
cystine was not synthesized via methionine 
or homocysteine. The elucidation of the 
mechanism of this cystine synthesis will be 
of considerable interest and may alter our 
concepts of the metabolism of the sulfur- 
containing amino acids. 


Fluoridation 


The fluoridation of water supplies in- 
volves no new experience in human welfare. 
Over 3,000,000 people are living in ordinary 
good health on water naturally containing 
fluorides in the amounts recommended for 
caries control, or more. (From the state- 
ment adopted by the Commission on Chronic 
Illness at its fifth annual meeting in Chicago 
on March 18, 1954.) 


Iron Metabolism in the Pregnant Bantu 


The occurrence of deposits of iron in the 
tissues (hemosiderosis) in African natives 
from certain districts is well established and 
probably results from the high food iron 
intake (Nutrition Reviews 5, 353 (1947): 
8,7 (1950)). 

T. Gerritsen and A. R. P. Walker (/. 
Clin. Invest. 33, 23 (1954)) have recon- 
firmed the high iron intake and have studied 
its effect upon the blood hemoglobin, hema- 
tocrit, and the serum iron concentration 
and total iron-binding capacity. Forty-eight 
nonpregnant subjects were compared with 
(1) 43 women during the first twenty-two 
weeks of pregnancy and (2) 49 whose preg- 
nancies were in the twenty-sixth to the 
fortieth week. The fall in hemoglobin, hema- 
tocrit and serum iron concentration observed 
in other parts of the world during the 
progress of pregnancy was not observed in 
this population. In fact, the mean values 
(and the range) in all three groups were 
remarkably constant. The iron-binding 
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capacity of the serum rose from a control 
value of 323 micrograms per cent in the non- 
pregnant subjects to 403 micrograms per 
cent during the latter part of pregnancy. 
The authors believed that the failure of these 
blood values to fall during pregnancy was 
due to the high iron content of the diet. 
Analyses showed that two of the important 
articles of the diet—cooked porridge and 
sour porridge—both made from corn (maize) 
were high in iron, the sour porridge averaging 
more than ten times that of the uncooked 
South African maize. The high iron content 
of these foods was thought to result from 
their preparation in iron pots. 

The authors concluded that the constancy 
of the blood values examined, the occa- 
sionally elevated serum iron concentra- 
tions, an extreme rarity of hypochromic 
anemia among these Bantus, and the iron 
deposition of the tissues were all accounted 
for by the high food iron intake. Comment 
was not made on the relation of these ab- 
normalities in iron metabolism to the de- 
ficient diet also habitually consumed by 
these natives (Nutrition Reviews 8,7 (1950)). 


Sodium and Potassium in Bone 


It is well known that bone contains a con- 
siderable quantity of sodium and potassium, 
as well as calcium salts. The extent of this 
“storehouse” of sodium and its lability or 
availability has been the subject of con- 
siderable experiment. W. H. Bergstrom and 
W. M. Wallace (J. Clin. Invest. 33, 867 
(1954)) have examined this matter by in- 
ducing acute and chronic sodium depletion 
and acidosis in weanling, juvenile and adult 
rats. This was done in the acute studies by 
the intraperitoneal injection of a solution of 
glucose and ammonium chloride with the 
subsequent removal of peritoneal fluid four 
hours later. Simple dietary sodium depriva- 
tion was used for the chronic experiment. 
Control animals were fed a normal diet. 

Bone sodium in the weanling rats was 


found to be approximately 50 milliequiva- 
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lents (mEq) per kilogram of bone. This 
value rose with increase in body weight and 
age to well over 200 mEq per kilogram of 
bone in the adult rats weighing just over 
300 g. Potassium content of bone rose very 
little with age and weight and the sodium: 
calcium ratio roughly paralleled the rise in 
bone sodium content. Induction of acidosis 
in the juvenile rats led to approximately a 
20 per cent loss of calcium, sodium and po- 
tassium, representing a loss of some 20 mEq 
of sodium and 10 mEgq of potassium per kilo- 
gram of bone. In the adult acidotic rats the 
loss of calcium was slight, but that of sodium 
and potassium was more marked than in the 
juvenile animals. Thus, over 50 mEq of so- 
dium and 20 mEq of potassium were lost 
per kilogram of bone. 

The authors point out that these results, 
in which there was a marked loss of sodium 
and also of potassium during acidosis, indi- 
cate that the composition of bone is subject 
to change depending upon the “state of 
chemical equilibrium.”’ They further point 
out that if a 70 kg. man lost the same 
amount, 54 mEq per kilogram of sodium 
from bone, it would contribute some 648 
mEq of sodium to the body fluids which 
could combine with about 6.5 liters of 0.1 
normal anion. The importance of these quan- 
tities of sodium and of potassium in bone 
and their availability are of obvious impor- 
tance in calculating balances for these cat- 
ions. 

Recent Nutrition Books 


Food for People. Sarah R. Riedman. With a 
foreword by Lord John Boyd Orr. Abel- 
ard-Schurhan, New York, 1954. Pp. 192. 
Price: $2.50. 

Rice Enrichment in the Philippines. FAO 
Nutritional Studies No. 12. Food and 
Agriculture Organization, Rome, Italy, 
March 1954. Pp. 109. Price: $1.00. 
Sales agent in the United States: Inter- 
national Documents Service, Columbia 
University Press, 2960 Broadway, New 
York 27, N. Y. 
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Signed articles do not necessarily represent the opinion of the Editorial 
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A leaflet based on articles appearing currently in NUTRITION 
REVIEWS and entitled “Current Research in the Science of Nutrition” is 
distributed by The Nutrition Foundation each month. The vocabulary of 
the leaflet is adapted for lay reading and the subject matter is restricted 
to clearly established findings of practical interest. Subscriptions should be 
sent to The Nutrition Foundation, Inc., Chrysler Building, New York 
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